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Foreword

377:2012(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

Intern

Intern

htional Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

The main task of technical committees is to prepare International Standards. Draft\Internatio

adopt
Intern

bd by the technical committees are circulated to the member bodies forxvoting. Publ
htional Standard requires approval by at least 75 % of the member bodies ¢asting a vote.

htional Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Part 2.

hal Standards
cation as an

Attentjon is drawn to the possibility that some of the elements of this dociment may be the sulject of patent

rights

ISO 4
meas

This fi
to upa
struct

ISO shall not be held responsible for identifying any or all such patent rights.

B77 was prepared by Technical Committee 1SO/TC 113y Hydrometry, Subcommitteg
irement structures.

burth edition cancels and replaces the third edition (ISO© 4377:2002), which has been tech
ate the treatment of uncertainty to be consistent with the other standards relating to flow
ires.

SC 2, Flow

nically revised
measurement
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INTERNATIONAL STANDARD ISO 4377:2012(E)

Hydrometric determinations — Flow measurement in open
channels using structures — Flat-V weirs

1

N

cope

This International Standard describes the methods of measurement of flow in rivers and-artificial channels
under|steady or slowly varying conditions using flat-V weirs (see Figure 1).

AnneX A gives guidance on acceptable velocity distribution.

2 Normative references
The fpllowing documents, in whole or in part, are normatively\referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the lafest edition of the referenced document (including any amendments) applies

ISO 72, Hydrometry — Vocabulary and symbols

ISO/TS 25377, Hydrometric uncertainty guidance (HUG)

© 1SO 2012 — All rights reserved 1
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 772 apply.

Dimensions in millimetres

10 H' but not <3H
2
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| .J/\\ 4
N |

Tmax.
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V
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~N
N
~
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100
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Key
1 head gauping section b crest width
2 upstream|tapping H' difference between the invert (apex) of the V gnd the
top of the V

3 stilling wells Himax Mmaximum upstream total head above crest eleyation
4  crest tapping h gauged head above lowest crest elevation
5 flow n difference between mean bed level and lowest crest

elevation
6 downstream head measuring point

7  minimum 100 mm above stilling basin level

8 limits of permissible upstream and downstream
truncations

Figure 1 — Triangular profile flat-V weir
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The following is a list of symbols used, with the corresponding units of measurement.

Symbol2 Meaning Units

A Area of cross-section of flow m2

B Width of approach channel m

b Crest width m

Cp Coefficient of discharge Non-dimensional
Cpe Effective coefficient of discharge Non-dimensional
Car Brewned-How-reducton-tactor Nen-dimensional
C, Coefficient of approach velocity Non-dimepsional
g Gravitational acceleration (standard value) ms~—2

H Total head above lowest crest elevation m

Hie Total effective upstream head m

Hoe Total effective downstream head m

Hima Maximum upstream total head above crest elevation m

h Gauged head above lowest crest elevation m

hy Upstream gauged head m

hie Effective upstream gauged head m

h, Downstream gauged head m

hoe Effective downstream gauged head m

hp Separation pocket head m

hpe Effective separation pocket head relative to lowest crest elevation m

h', H’ Difference between lowest and highestrest elevations m

KKy Constants Non-dimensional
kp, Head correction factor m

L, Distance of upstream head meastirement position from crest line m

m Crest cross-slope (1 vertical: m horizontal) Non-dimensional
n Number of measurements in a set Non-dimensiohal
p Difference between.mean bed level and lowest crest elevation m

Q Discharge m3s-1

Qutv Total daily flew volume m3d-1

t Measurement observation frequency time minutes

v Meantelocity at cross-section m/s

Va Mean velocity in approach channel m/s

Up Absolute uncertainty in head measurement m

u(g) Absolute uncertainty in gauge zero m

u*(CD) Rercentage-uncerainrty-r-discharge-ceefficient Nen-dimensional
u*(C,) Percentage uncertainty in coefficient of velocity Non-dimensional
u*(Cqy) Percentage uncertainty in drowned flow reduction factor Non-dimensional
u*(h) Percentage uncertainty in head measurement Non-dimensional
u*(He) Percentage uncertainty in total effective head Non-dimensional
U*(Q) Percentage uncertainty in discharge determination Non-dimensional
U (Qgmp) Percentage uncertainty in the daily mean flow Non-dimensional
U*(Qqs) Percentage uncertainty in the total daily flow volume Non-dimensional
Zy, Zy Shape factors Non-dimensional
a Coriolis energy coefficient Non-dimensional

© 1SO 2012 — All rights reserved
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Subscript

1 denotes upstream value

2 denotes downstream value

e denotes “effective” and implies that corrections for fluid effects
have been made to the quantity

a denotes approach channel

5 Characteristics of flat-V weirs

ot/ e ol bt Ll bof ool o1 oo £ £ ol IR ; :
The standardftat-v-weiris-a—controt Structutre;thetreStorwrttntaKesStheroffiora Shanow-v-wnhefhvie ved in

the direction g¢f flow.

The standard weir has a triangular profile with an upstream slope of 1 (vertical): 2 (harizantal) pnd a
downstream $lope of 1:5. The cross-slope of the crest line shall not be steeper than 1:10/4The crosstslope
shall lie in the range of 0 to 1:10 and, at the limit when the cross-slope is zero, the weipbecomes @ two-
dimensional tfiangular profile weir.

The weir can [be used in both the modular and drowned ranges of flow. In the modular flow range, discharges
depend solely on upstream water levels and a single measurement of upstream head is sufficient. In the
drowned flow range, discharges depend on both upstream and downstream water levels, anfl two
independent head measurements are required. For the standard flat-V weir) these are
— the upstream head, and

— the head|developed within the separation pocket which forms just downstream of the crest or, as ja less
accurate alternative, the head measured just downstream-of the structure.

The flat-V wejr will measure a wide range of flows and has the advantage of high sensitivity at low flows.

Operation in fhe drowned flow range minimizes afflux at very high flows. Flat-V weirs shall not be uged in
steep rivers ($ee 6.2.2.6), particularly where thete is a high sediment load.

There is no specified upper limit for the size-of this structure. Table 1 gives the ranges of discharges fof three
typical weirs.

Table 1 — Ranges of discharge

Elevation ¢f crest Crest/cross-slope Width Range of discharge
above ped ratio
m m m3s-1
0,2 1:10 4 0,015t0 5
0,5 1:20 20 0,030 to 180 (within maximum head of 3 m
1,0 1:40 80 0,055 to 630 (within maximum head of 3 m)

6 Installation

6.1 Selection of site

6.1.1 The weir shall be located in a straight section of the channel, avoiding local obstructions, roughness
or unevenness of the bed.

4 © 1S0 2012 — All rights reserved
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6.1.2

a)
b)
<)

d)
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377:2012(E)

A preliminary study of the physical and hydraulic features of the proposed site shall be made, to check
that it conforms (or can be constructed or modified to conform) to the requirements necessary for
measurement of discharge by the weir. Particular attention shall be paid to the following:

the adequacy of the length of channel of regular cross-section available (see 6.2.2.2);
the uniformity of the existing velocity distribution (see Annex A);
the avoidance of a steep channel (see 6.2.2.6);

the effects of increased upstream water levels due to the measuring structure;

e)

f)

6.1.3
inspe
the ex

6.1.4
be tak
effect

any g

the conditions downstream (including such influences as tides, confluences with other’s
gates, mill dams and other controlling features, such as seasonal weed growth, which
drowning);

the impermeability of the ground on which the structure is to be founded and the neceg
grouting or other means of controlling seepage;

the necessity for flood banks, to confine the maximum discharge to the ehannel,
the stability of the banks, and the necessity for trimming and/or fevetment;
the uniformity of the approach channel section;

the effect of wind on the flow over the weir, especially, when it is wide and the head is sn
the prevailing wind is in a transverse direction.

If silt removal could be an operation and maintenance requirement, consideration should b
accessibility of the site for heavy plant following construction and reinstatement of the site.

A suitable location is required for the-instrument building/housing to allow the effective
maintenance of the intake pipe and stilling well.

If the site does not possess\the characteristics necessary for satisfactory measurem
tion of the stream shows thatithe velocity distribution in the approach channel deviates ap
amples shown in Figure 2, the site shall not be used unless suitable improvements are pral

Weirs act as obstatles to the movement of most fish and other aquatic species. Care sh
en to ensure thatthe installation of gauging structures such as flat-V weirs does not have
on the aquatic_ecology where this might be an issue. In addition, care should be taken f{
puging structure complies with the relevant national and international legislation and rd

exam
move
have

o be reflected in the design, e.g. limit the crest height and provide an adequate depth of]
Alterngtively, a fishpass could be installed (ISO 26906).

ble the European Parliament EU Water Framework Directive (Directive 2000/60/EC).

ent of\aquatic life could be compromised by the installation of a flow measurement strud

reams, sluice
might cause

sity for piling,

hall and when

e given to the

bperation and

ents, or if an
breciably from
cticable.

puld therefore
a detrimental
0 ensure that
gulations, for
Where the
ture, this may
stilling basin.
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Figure 2 — Examples of velocity profiles in the approach channel
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6.2

6.2.1

ISO 4

Installation conditions

General requirements

377:2012(E)

The complete measuring installation consists of an approach channel, a weir structure and a downstream

chann

NOTE

el.

1

The condition of each of these three components affects the overall accuracy of the measurements.

Installation requirements include such features as the surface finish of the weir, the cross-sectional shape of the channel,
channel roughness and the influence of control devices upstream or downstream of the gauging structure.

NOTE

2 The distribution and direction of velocity can have an important influence on the perform

ance of a weir

(see 6

NOTE
charad

6.2.2

6.2.2.
bould
acros
shall

straig

6.2.2.
surfag
bend

NOTE
measu

NOTE

6.2.2.
distan

appro
appro
contrg

6.2.2.
aligne

The t
meas

2.2 and Annex A).

3 Once a weir has been installed, any physical changes in the installation will (change
teristics; recalibration will then be necessary.

Approach channel

i If the flow in the approach channel is disturbed by irregularities in the bounda
brs or rock outcrops, or by a bend, sluice gate or other feature which causes asymmetry
5 the channel), the accuracy of gauging may be significantly afféeted. The flow in the app
have a symmetrical velocity distribution (see Annex A). This_can be achieved by pro
it approach channel of uniform cross-section.

D

e at maximum flow, provided flow does not enter.the approach channel with high veloci
br angled sluice gate.

1 The length of straight approach channel required refers to the distance upstream from the
ring location (see Figure 1).

2 A greater length of uniform approach.channel is desirable if it can be readily provided.

B In a natural channel where it is uneconomic to line the bed and banks with cor
ce, and iwhere the width between the vertical walls of the lined approach to the weir is
hch width of the natural channel, the banks shall be profiled to give a smooth trans

hch channel width to the-width between the vertical side walls. The unlined channel up
ction shall nevertheless’conform to 6.2.2.1 and 6.2.2.2.

i Vertical-Side walls constructed to effect a narrowing of the natural channel shall be
d with the centre line of the channel and curved to a radius not less than 2 Hy 5, as show

angent paint of this radius nearest to the weir crest shall be at least Hyp,,, upstreamn
irementsection. The height of the side walls shall be chosen to contain the design maximu

the discharge

iry (e.g. large
of discharge
oach channel
iding a long,

A minimum required length of straight approach-channel shall be five times the width of the water

y via a sharp

upstream head

crete for this
less than the
tion from the
stream of the

symmetrically
n in Figure 1.

of the head
m discharge.

6.2.2.

b In a channel where the flow is free from floating and suspended debris, gd

od approach

conditions can also be provided by suitably placed baffles formed of vertical laths. No baffle shall be nearer to
the point at which the head is measured than 10 times the maximum upstream head.

6.2.2.6

Under certain conditions, a hydraulic jump may occur upstream of the measuring

structure, for

example if the approach channel is steep. Provided the wave created by the hydraulic jump is at a distance
upstream of no less than 20 times the maximum upstream depth, flow measurement is feasible, subject to
confirmation that an even velocity distribution exists at the gauging station.

6.2.2.7

Conditions in the approach channel can be verified by inspection or measurem

ent for which

several methods are available such as acoustic Doppler current profilers (ADCPs), current meters, floats or
concentrations of dye, the last being useful in checking conditions at the bottom of the channel. A complete
and quantitative assessment of velocity distribution can be made by means of an ADCP or a current meter.
The velocity distribution shall comply with the requirements of A.5.

© ISO 2012 — All rights reserved
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6.3 Weir structure

6.3.1 The structure shall be rigid and watertight and capable of withstanding flood flow conditions without
damage from outflanking or from downstream erosion. The weir crest shall be straight when viewed from
above and at right angles to the direction of flow in the upstream channel. The geometry shall conform to the
dimensions given in Clause 5 and Figure 1.

The weir shall be contained within vertical side walls, and the crest width shall not exceed the width of the
approach channel (see Figure 1). Weir blocks may be truncated but their horizontal dimensions shall not be
reduced in the direction of flow to less than Hy,, and 2 Hq .., upstream and downstream of the crest line

respectively, where H, .. is the maximum upstream total head, expressed in metres, relative to the lowest
crest elevatio

with a
xed a

6.3.2 The
smooth non-

veir and the approach channel as far as the upstream tapping point shall be constructed
orrodible material. A good surface finish is important near the crest but can-be reld

distance alon

The crest sh

) the profile of 0,5 Hy ., Upstream and downstream of the crest line.

bll be formed by using smooth material resistant to erosion and corrosion, for examp

embedded stainless steel insert with bevelled edges to conform with the surface of the)weir block.

le, an

6.3.3 In order to minimize uncertainty in the discharge, the following toleranges-are acceptable:

a) crest widih (0,2 % with a maximum of 0,01 m);

b) upstrean] slope 1,0 %;

c) downstream slope 1,0 %;

d) crest crogs-slope 1,0 %;

e) point devjations from the mean crest line + 0,2 %!lof the crest width.

NOTE Laloratory installations will normally require’ higher accuracy.

6.3.4 The gtructure shall be measured-upon completion and mean dimensional values and their stgndard

deviations (S
and the latter

D) at the 68 % confidencg limits computed. The former are used for computation of disg
are used to obtain thesoverall uncertainty of a single determination of discharge (see 11.2)

harge

6.4 Downgtream conditions
Conditions dgwnstream ofsthe structure are an important factor controlling the tailwater level. This level |s one
of the factorg which «determines whether modular or drowned flow conditions will occur at the weif. It is

essential, the
regarding the

refore,.10 calculate or observe tailwater levels over the full discharge range and make deq
type.of weir and its required geometry in light of this evidence.

isions

7 Maintenance

Maintenance of the measuring structure and the approach channel is important to enable accurate
measurements to be made. The approach channel shall be kept clean and free from silt and vegetation for at
least the distance specified in 6.2.2.2. The float wells, tappings and connecting pipework shall also be kept
clean and free from deposits.

The weir structure shall be kept clean and free from clinging debris and care taken in the process of cleaning
to avoid damage to the weir crest.

The weir crest shall be inspected for erosion damage regularly. If the mean effective radius of the crest
exceeds 5 mm, then refurbishment shall be considered. Algae growth on weir crests can be a particular

© 1SO 2012 — Al rights reserved
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problem which if not controlled can result in large inaccuracies in the computed discharges. In particular, the
inaccuracies can be very large when the weir is operating close to the minimum recommended head (see
9.7.1).

Erosion lowers the zero datum and affects the coefficient of discharge at low flows (see 8.3 and Clause 9). In
such cases, the crest shall be repaired in-situ or removed and replaced.

If conditions are modular when maintenance is carried out, a useful check on the satisfactory operation of a
crest tapping is to ensure that the readings accord with the specification given in 9.5, i.e. when the weir is

modul

ar, the value of hpe/H1e always lies within the range (40 + 5) %.

8 N

8.1

Wher¢ spot measurements are required, the heads can be measured by vertical 'staff gauges,

wires
stand

The n

NOTE
readin

8.2

8.2.1
surfag

Perio(
using
ltise
pipe d
ensur
signifi
furthe

Wher¢ the weir is desighed to operate in the drowned flow range, a separate stilling well sha

record
which
downs

sited dlownstream stilling well or water level sensor tube shall be installed.

leasurement of head(s)

General

or tape gauges. Where continuous records are required, recording devices such as char
alone telemetry data loggers shall be used.

easurement of head is covered in more detail in ISO 4373.

As the size of the weir and head decreases, small discrepancies in construction and in the z
) of the head measuring device become of greater relative importance.

Stilling (gauge) wells

hooks, points,
t recorders or

ero setting and

It is common practice to measure the upstréam head in a stilling well to reduce the effects of water

e irregularities. At some locations, it may be more appropriate to install the water level sen

ic checks on the measurement of theshead in the approach channel shall be made. This
a staff gauge, or dipping device (see\8.1) located adjacent to the intake pipe or water leve
Esential that the manual head measurement point is truly representative of the water leve
r recorder tube. Check measurements shall also be made periodically within the stilling |
b that the water level in_the)stilling well agrees with external reference measurement,
cant difference, there may)be a need to undertake maintenance, e.g. flush stilling well
[ investigation to explain)differences.

the piezometric’head where a crest-tapping is installed. This develops within the sepa
forms immediately downstream of the crest or in the channel downstream of thg
tream héads are to be used to determine discharges within the drowned flow range, an

sor in a tube.

shall be made
| sensor tube.
at the intake
vell or tube to
If there is a
or undertake

il be used to
iration pocket

structure. If
appropriately

8.2.2

Stilling wells or water level sensor tubes shall be vertical and of sufficient height and @

epth to cover

the full range of water levels. In field installations, they shall have a minimum height of 0,3 m above the
maximum water levels expected. Stilling wells shall be connected to the appropriate head measurement
positions by means of pipes.

8.2.3

Both the stilling well and the connecting (intake) pipe(s) shall be watertight. Where the w

ell is provided

for the accommodation of the float and counterweight recorder, it shall be of adequate size and depth.

8.2.4 The invert of the pipe shall be positioned at a distance of not less than 0,06 m below the lowest water

level t

8.2.5

0 be measured.

Pipe connections to the upstream and downstream head measurement positions shall terminate

either flush with, or at right angles to the boundary of the approach and downstream channels. The channel
boundary shall be plain and smooth (equivalent to carefully finished concrete) within a distance 10 times the

© ISO 2012 — All rights reserved
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diameter of the pipes from the centreline of the connection. The pipes may be oblique to the wall only if it is
fitted with a removable cap or plate, set flush with the wall, through which a humber of holes are drilled. The
edges of these holes shall not be rounded or burred. Perforated cover plates are not recommended where
weed or silt are likely to be present.

8.2.6 The static head at the separation pocket immediately downstream of the crest of the weir shall be

transmitted to

its gauge well by one of the following:

a) an array of tapping holes set into a plate covering a cavity in the crest of the weir block;

b) the underside of the plate supporting a manifold into which the static head is communicated via an array
of feed tybes;

c) a horizontal conduit leading from the cavity through the weir block beneath the crest and terminating at
the gauge well;

d) aflexible|transmission tube to communicate static head within the manifold to the gauge-well;

e) a watertight seal around the transmission tube to prevent static head within the cavity from influencing the

static head transmitted from within the manifold.

The static heqd within the manifold may be at a different pressure because ofdeakage around the periph

the cover pla

These arranggments minimize the occurrence of silting within the communication path between the sep3
pocket and tihe gauge well and provide for the effective purging of the pipework by the occasional

flushing of thq
The modular
modular flow
satisfactorily.
around the ta

Figure 3 show
tapping holes

8.2.7 Wher
are operating
upstream heg
with a single

8.2.8 Adeq
either on the
of the intake

The gauge w

system. For this purpose, a volume of water shall periodically be introduced into the gaug
value of hpe/H1e always lies within the range (40,£5) % and a check on this value duri

conditions provides a sound method for detefmining whether the crest tapping is perfq

If the value of this ratio is not within this range, the installation should be checked for le|
bping plate and/or general blockage of the\system (see 9.5).

s the general arrangement for the crest-tapping installation. The size and disposition of thg
is given in Table 2.

using crest-tapping or downstream water level recorder data to estimate flows when flat-\
in the drowned flow range it is essential that these are synchronized accurately wi
d recorder. This can. be achieved by linking each water level sensor to a multi-channel
lock (see 9.6).

ery of

iration
back-
b well.
ng the
rming
akage

b crest

weirs
th the
ogger

hate additionalh.depth shall be provided in wells to avoid the danger of floats, if used, groyinding

bottom or ofrany accumulation of silt or debris. A minimum distance of 0,5 m between the
ipe and-the bottom of the well is usually recommended.

ell“‘arrangement may include an intermediate chamber of similar size and proportions

invert

s the

approach cha

nnel, to enable silt and other debris to settle out where it may be readily seen and removed.

8.2.9

The diameter of the connecting pipe or width of slot to the upstream well shall be sufficient to permit

the water level in the well to follow the rise and fall of head without appreciable delay. Care should be taken
however not to oversize the pipe, in order to ensure ease of maintenance and to damp out oscillations due to
short period waves.

NOTE No firm rule can be laid down for determining the size of the connecting pipe to the upstream well, because
this is dependent on a particular installation, e.g. whether the site is exposed and thus subject to waves, and whether a
larger diameter well is required to house the floats of recorders. However, some practitioners and suppliers recommend
that the area of the intake pipe or slot should be 0,1 % of the area of the stilling well. It is sometimes advantageous for
maintenance purposes to use a larger diameter intake pipe. A removable plate with holes can be fixed to the watercourse
end of the pipe to provide the required stilling (reduced area of intake) and to prevent the ingress of fauna.
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Table 2 — Arrangements for crest tappings

Crest width
b
Crest tapping holes
m
0,30t0 0,99 | 1,00 to 1,99 | 2,00 to 3,99 > 4,00

Hole diameter (mm) 5 5 10 10
Hole pitch (mm) 25 25 40 50
Number of tapping holes 3 5 7 9
Offset of centre hole from centre line of weir 0,1b 0,1b 0,1b 0,1b
Distamce of the array of holes downstream of the crest (mm) 10 15 20 20
Bore gliameter of manifold feeder tubes (mm) 5 5 10 10
Bore fliameter of transmission tube (mm) 15 20 25 30

8.3

8.3.1
the cr

8.3.2
marks
monit
to cre|
crest.

Instru
surve
same
becon
bench

8.3.3
serioy

Zero setting

Accurate initial setting of the zeros of the head measuring devices with reference to the
bst (apex of the v) and subsequent regular checks of these, seitings is essential.

An accurate means of checking the instrument zero “at frequent intervals shall be prg
, in the form of horizontal metal plates, can be set«up on the top of the vertical side wal
bring points and in the gauge wells. These shall be accurately levelled to ensure their ele

ment set-up zeros can be checked with respect to these bench marks without the ne
ing the crest each time. These canyalso be used to check that the level inside the stilli
as the level in the watercourse. This will provide a check on whether the intake pipe or sti
ne silted up. Any settlement ofithe structure may, however, affect the relationships betw
mark levels and it is advisable to make occasional checks on these relationships.

A zero check based on the water level (either when the flow ceases or just begins) is
s errors due to surfdee tension effects and shall not be used.

owest level of

vided. Bench
s at the head
yation relative

5t level is known. An alternative, or addition,_te, the external plate is a staff gauge zerog¢d to the weir

cessity of re-
ng well is the
ling well have
ben crest and

susceptible to

a) Cross-section through one crest tapping and showing part of the weir block

Figure 3 (continued)
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Key

~N o 0o b~ WDN P

12

crest tapp
feed tubeq

.
# / 1 i
5 6 2 4 3

b) Downstream view with section through the manifold (itehm)3)

O o

3

7/

L

€) View of the underside of the crest plate

ngs
communicating crest head to the manifold (some shown as single lines only)

manifold [

Eeetion in view b)]

cavity in the crest of the weir block

conduit leading to a gauge well
transmission tube (other end sealed within the conduit but communicating head in the manifold to the gauge well)

holes for screw-mounting the crest plate onto the weir block

Figure 3 — Arrangements for crest tappings
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8.3.4 Values for the crest cross-slope, m, and the gauge zero can be obtained by measuring the crest
elevation at regular intervals along the crest line. A best fit straight line is positioned through the measured
points for each side of the weir, and the intersection of these lines is the gauge zero level. The mean of the
crest cross-slopes (m) for the two sides is used in the discharge formulae. For field installations, the use of
standard levelling techniques is recommended, but precise micrometer or Vernier gauges shall be used for
laboratory installation.

8.4

8.4.1

Location of head measurement sections

The approach flow to a flat-V weir is three-dimensional. Drawdown in the approach to th

e lowest crest

elevation is more pronounced than in other positions across the width of the approach channel. This results in

a de
depre
acros
tappin
crest

upstre

8.4.2
discha

the pe

8.4.3
at the
positid

8.4.4
downs

NOTE

The d
atale

ran—ia—th i tar—ciirf maraadkiatal i + na. £+l laviact o Han—rrthbhar
esstof-the-water—surface—mmediately—upstreamof-thetowest-erest-position—drthes
5sion is less pronounced and at a distance of 10 times the V-height, 10H’, the water,sur
b the width of the channel is constant. To achieve an accurate assessment of the Upstre
g shall be set 10H’ upstream of the crest line. H' = b/2m is the difference between loweq
elevation, in metres. However, if this distance is less than 3 H,,, the tapping shall

am of the crest to avoid drawdown effects.

If other considerations necessitate siting the tapping closer to theyweir, then corrsg
irge coefficients are necessary if Hy/p; > 1. In all cases, a reduction in the coefficient is §

rcentage reductions depend on the tapping point location. The value‘of H,/p; > 1 is given i

Flat-V weirs can be used for gauging purposes in the drowned flow range if a tapping is
crest. The centre position of the 10 crest tapping holes_(see Table 2) shall be offset late
n of the lowest crest elevation a distance of 0,1 times the total crest width (see Figure 3 an

Alternatively, flat-V weirs can be used for .galging purposes in the drowned flo
tream tapping is incorporated.

This method is not as accurate as the method described in 8.4.3.

pwnstream tapping shall be 25H" or\3H, .., Whichever is greater, downstream of the cres
vel 100 mm above the downstreambed level.

Table’3 — Corrections to discharge coefficients

pstream this
ace elevation
am head, the
t and highest
e set 3 Hpax

ctions to the
pplicable and

n Table 3.

incorporated
rally from the
d Table 2).

v range if a

5t line and set

Hi/py
g 1 2 3
Correction
%

10H' 0,0 0,0 0,0

8H’ 0,0 0,3 0,6

6H’ 0,0 0,6 0,9

4H’ 0,0 0,8 1,2
H; is the upstream total head relative to lowest crest elevation, expressed in metres;
p; is the height of lowest crest elevation relative to upstream bed level, expressed in metres;
L, is the distance of upstream head measurement position from crest line, expressed in
metres.
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9 Discharge relationships

9.1 Equations of discharge

9.1.1
conditions is:

Q= O!SCDe\/EmZHHleS/2

In terms of total head, the basic discharge equation for a flat-V weir operating under modular flow

)

where
Q isth
Cpe is the
g isthg
m s thg
Zy s th
Hie is the

Alternatively,

of velocity de

Q=0,8C
where
C, isthg
Zy, s th
hie is thg
9.1.2 In ter
conditions is:
Q=0,80

p total discharge expressed in cubic metres per second (m3/s);

 effective coefficient of discharge in the modular range;

gravitational acceleration (standard value) expressed in metres per second squared (m/s2);
b mean crest cross-slope (1 vertical: m horizontal);

b shape factor;
b effective upstream total head relative to lowest crest elevation expressed in metres (m).

the discharge equation may be expressed in terms of;gauged head by introducing a coelf
pendant upon the weir and flow geometries:

5/2

peCyy/d MZp he

b coefficient of velocity;

b shape factor;

effective upstream gauged head relative to lowest crest elevation expressed in metres (m).

s of total headythe basic discharge equation for a flat-V weir operating under drowne

5/2
DeCdr\/ngH Hie

he-drowned flow reduction factor.

ficient

()

d flow

®3)

where Cg, is t

The corresponding gauged head equation is:

Q=0,8CpeC,Cary/g MZphy>?

Values for the modular coefficient of discharge, Cp,, are given in Table 4.

14

(4)
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Table 4 — Summary of recommended coefficients, limitations and tolerances

Crest cross-slope
Flat-V weirs
1:40 or less 1:20 1:10
a) HyH'<10
Modular coefficient Cpg 0,6252 0,6202 0,6152
Head correction factor, kp, 0,000 4 m 0,000 5m 0,000 8 m
Standard uncertainty in discharge coefficient, u*(Cpg)gg 15% 1,6 % 1,45 %
Modular Timit?® B5 % 0 75 % B5 % 0 75 % B5 Yo to 75 %
Other|limitations H7p; <2,5 H'7p; <2,5 HYp; <2,5
Hi/py <25 Hi/py <25 H{/p, <25
Upstream tapping 10H’ 10H’ 10H’
b) Hy/H'>10
Modular coefficient Cpg 0,6302 0,6252 0,6202
Head |correction factor, kp, 0,000 4 m 0,000 5m 0/000 8 m
Standard uncertainty in discharge coefficient, u*(Cpg)gg 1.25% 1.4% 1.15 %
Modular limitP 65 % to\75 % 65 % to 75 % 65 Poto 75 %
Other|limitations Hipy <2,5 H'7p; <2,5 Hlp; <2,5
Hq/p, <8,2 Hq/p, <8,2 H{/p, < 4,2
Upstream tapping 10H’ 10H’ 10H'
&  Cpmputations under non-modular conditions are based on Cpe = 0,631, Cp = 0,629 and Cp, = 0,620 respectively
b speos.
9.2 [Effective heads
Effectlve heads are obtaihed by reducing observed values by a small constant amount which cofrects for fluid
propefty effects. Thus:
M = hy — kg (%)
and
av,”
Hie =Hi—kp=h +—2——kpy (6)

Values for the head correction factor, k,,, are given in Table 4. The value of the Coriolis energy coefficient, ¢,
shall be checked on site by measuring the velocity distribution at the section where the head is measured. At

the design stage, the value of « shall be taken as 1,2.

© ISO 2012 — All rights reserved
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9.3 Shape factors

Shape factors are introduced into discharge equations for flat-V weirs because the geometry of flow changes
when the discharge exceeds the V-full condition. Thus:

when hy <h’,

Z,=24=10 ()
when hy > h’,

Z, =[1,0}- (1,0 — h'/h;)°72] (8)
and

Zy,=[1,0]- (1,0 - HH, )% )
where

h' (= H' =[b/2m) is the difference between the lowest and highest crést elevations, expressed in
metres;

b is the crest width, expressed in metres.

Values of Z,,, Py in terms of h;/h"and H;/H" are given in Table 5,

9.4 Coeffigient of velocity

9.4.1 The goefficient of velocity, C,, is related to the:modular coefficient of discharge, Cp,, the ratip h'/p;
and the ratio h,/h".

9.4.2 The qoefficient of velocity, C,, occuts in Equations (2) and (4), together with the shape factor, Z,,. As
indicated in 9.3, this shape factor is a fungtion of h;./h’, one of the factors affecting C,. It is convenient to
present data [for the product C Z, in terms of h'/p; and hy/h" since C, and Z,, are not required sepafately.
Numerical values of this product ar€ given in Table 6.

NOTE The determination of-diStharge using the gauged head and the coefficient of velocity is more appropr{ate for
hand calculatiop. For computerapplications, the preferred method of calculation of discharge is by means of Equatipns (1)
and (3); the total head (Hq.):h€ing calculated by the successive approximation method (see 10.2.1).
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hie/h’or Hig/H" | 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09
0,0t0 0,9 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
1,0 1,000 1,000 1,000 1,000 1,000 1,000 0,999 0,999 0,999 0,998
11 0,998 0,997 0,996 0,996 0,995 0,994 0,993 0,992 0,991 0,990
1,2 0,989 0,987 0,986 0,985 0,984 0,982 0,981 0,979 0,978 0,976
13 0,974 0,973 0,971 0,969 0,968 0,966 0,964 0,962 0,960 0,958
14 0,956 0,954 0,952 0,950 0,948 0,946 0,944 0,942 0,940 0,938
15 0,936 0,934 0,932 0,929 0,927 0,925 0,923 0,921 0,918 0,916
1,6 0,914 0,912 0,909 0,907 0,905 0,903 0,900 0,896 0,498 0,895
1,7 0,891 0,889 0,887 0,884 0,882 0,880 0,877 0,875 0,473 0,871
1,8 0,868 0,866 0,864 0,861 0,859 0,857 0,855 0,852 0,950 0,848
1,9 0,846 0,843 0,841 0,839 0,837 0,834 0,832 0,830 0,928 0,825
2,0 0,823 0,821 0,819 0,817 0,814 0,812 0,810 0,808 0,906 0,804
2,1 0,801 0,799 0,797 0,795 0,793 0,791 0,789 0,787 0,184 0,782
2,2 0,780 0,778 0,776 0,774 0,772 0,770 0,768 0,766 0,164 0,762
23 0,760 0,758 0,756 0,754, 0,752 0,750 0,748 0,746 0,144 0,742
2,4 0,740 0,738 0,736 0,734 0,732 0,731 0,729 0,727 0,125 0,723
2,5 0,721 0,719 0,A% 0,716 0,714 0,712 0,710 0,708 0,107 0,705
2,6 0,703 0,701 0,699 0,698 0,696 0,694 0,692 0,691 0,489 0,687
2,7 0,685 0,684 0,682 0,680 0,679 0,677 0,675 0,674 0,472 0,670
2,8 0,669 0,667 0,665 0,664 0,662 0,661 0,659 0,657 0,456 0,654
29 0,653 0,651 0,649 0,648 0,646 0,645 0,643 0,642 0,440 0,639
3,0 0;637 — — — — — — — -+ —
NOTE To-evaluate Zy, or Zy, from this table, the appropriate value of h1g/h’ or H1e/H' is inserted as a combinatior] of the values in
the firgt column.and in the first row (above the horizontal rule).
EXAMPLE The value of Zy, corresponding to hqe/h’ = 2,23 is given at the intersection formed by the horizontal line from 2,2 with

the vertical line from 0,03, and Zy, is therefore = 0,774.

© ISO 2012 — All rights reserved
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9.5 Conditions for modular/drowned flow

The modular limit for flat-V weirs is not single valued as in the case of a two-dimensional weir, i.e. a weir with
a horizontal crest line. In the case of the flat-V weir, the modular limit in terms of Hyo/H.o is (70 £5) %

depending on the ratio H/H". The total effective downstream head H,,, is calculated in the same way as H .

Under modular flow conditions, the value of H,./H,, is less than or equal to (70 + 5) % and will depend on the
nature of the downstream channel. The value of hy./H,, is, however, constant in the modular flow range and
is independent of conditions in the downstream channel. The modular value of h,./H,. always lies within the

range (40 £ 5) % and a check on this value during the modular flow conditions provides a sound method for
determining whether the crest tapping is performing satisfactorily. If the value of this ratio is not.withjn this
range, the ingtallation should be checked for leakage around the tapping plate and/or general blockage|of the
system.
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hye/h’ h'/py
0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6
0,05 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,10 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,15 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,20 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000
0,45 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,001 | 1,001 [1,001 | 1,001
0,90 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,001 | 1,001 | 1,001 | 1,001 | €)001 | 1,001 | 1,001
0,35 1,000 | 1,000 | 1,000 | 1,000 | 1,001 | 1,001 | 1,001 | 1,001 | 1,001 | 1,002”|\ 1,002 | 1,002 | 1,002
0,40 1,000 | 1,000 | 1,000 | 1,001 | 1,001 | 1,001 | 1,002 | 1,002 | 1,002 | 1,002"| 1,003 | 11,003 | 1,003
0,45 1,000 | 1,000 | 1,001 | 1,001 | 1,002 | 1,002 | 1,003 | 1,003 | 1,003 |.1!004 | 1,004 | [L,004 | 1,005
0,90 1,000 | 1,001 | 1,001 | 1,002 | 1,002 | 1,003 | 1,004 | 1,004 | 1,004.-1,005 | 1,005 | [L,006 | 1,006
0,45 1,000 | 1,001 | 1,001 | 1,002 | 1,003 | 1,004 | 1,005 | 1,005, | 4,006 | 1,007 | 1,007 | [L,008 | 1,008
0,40 1,000 | 1,001 | 1,002 | 1,003 | 1,004 | 1,005 | 1,006 | 1,00¥<| 1,008 | 1,009 | 1,009 | [L,010 | 1,011
0,45 1,000 | 1,001 | 1,003 | 1,004 | 1,005 | 1,006 | 1,008 | 4,009 | 1,010 | 1,011 | 1,012 | 11,013 | 1,013
0,10 1,001 | 1,002 | 1,003 | 1,005 | 1,007 | 1,008 | 1,010,011 | 1,012 | 1,013 | 1,015 | 11,016 | 1,017
0,15 1,001 | 1,002 | 1,004 | 1,006 | 1,008 | 1,010 | 1,012 1,013 | 1,015 | 1,016 | 1,018 | [L,019 | 1,020
0,90 1,001 | 1,003 | 1,005 | 1,008 | 1,010 | 1,012+ 1,014 | 1,016 | 1,018 | 1,020 | 1,021 | [L,023 | 1,024
0,45 1,001 | 1,004 | 1,007 | 1,009 | 1,012 | 1,025 | 1,017 | 1,020 | 1,022 | 1,024 | 1,025 | 11,027 | 1,029
0,90 1,001 | 1,004 | 1,008 | 1,011 | 1,015 | 1,018 | 1,021 | 1,023 | 1,026 | 1,028 | 1,030 | [L,032 | 1,034
0,95 1,002 | 1,005 | 1,009 | 1,014 | 1,01%}1,021 | 1,024 | 1,027 | 1,030 | 1,033 | 1,035 | 1,037 | 1,039
1,0o 1,002 | 1,006 | 1,011 | 1,016 |.1,020 | 1,025 | 1,028 | 1,032 | 1,035 | 1,038 | 1,040 | 1,043 | 1,045
1,05 1,002 | 1,007 | 1,013 | 1,028 [ 1,023 | 1,028 | 1,032 | 1,036 | 1,039 | 1,042 | 1,045 | [L,048 | 1,050
1,10 1,001 | 1,006 | 1,012 | 4;019 | 1,024 | 1,029 | 1,034 | 1,038 | 1,042 | 1,046 | 1,049 | 1,052 | 1,054
1,15 0,997 | 1,004 | 1,0144.4,017 | 1,024 | 1,029 | 1,034 | 1,039 | 1,043 | 1,047 | 1,050 | {1,053 | 1,056
1,40 0,993 | 1,000 | 1,0077| 1,015 | 1,021 | 1,028 | 1,033 | 1,038 | 1,042 | 1,047 | 1,050 | [1,054 | 1,057
1,45 0,986 | 0,994 |~1,003 | 1,011 | 1,018 | 1,024 | 1,030 | 1,036 | 1,040 | 1,045 | 1,049 | [1,052 | 1,056
1,30 0,979 | 09988 | 0,997 | 1,005 | 1,013 | 1,020 | 1,026 | 1,032 | 1,037 | 1,042 | 1,046 | {1,050 | 1,053
1,35 0,971,980 | 0,990 | 0,999 | 1,008 | 1,015 | 1,022 | 1,027 | 1,033 | 1,038 | 1,042 | [L,046 | 1,050
1,40 0,962y} 0,972 | 0,983 | 0,992 | 1,001 | 1,009 | 1,016 | 1,022 | 1,028 | 1,033 | 1,037 | [1,041 | 1,045
1,45 07953 | 0,963 | 0,974 | 0,985 | 0,994 | 1,002 | 1,009 | 1,016 | 1,022 | 1,027 | 1,031 | [L,036 | 1,040
1,90 0,943 | 0,954 | 0,966 | 0,976 | 0,986 | 0,995 | 1,002 | 1,009 | 1,015 | 1,020 | 1,025 | [1,030 | 1,034
1,55 0,932 | 0,944 | 0,957 | 0,968 | 0,978 | 0,987 | 0,995 | 1,001 | 1,008 | 1,013 | 1,018 | 1,023 | 1,027
1,60 0,922 | 0,934 | 0,947 | 0,959 | 0,969 | 0,978 | 0,987 | 0,994 | 1,000 | 1,006 | 1,011 | 1,016 | 1,020
1,65 0,911 | 0,924 | 0,938 | 0,950 | 0,961 | 0,970 | 0,978 | 0,986 | 0,992 | 0,998 | 1,004 | 1,008 | 1,013
1,70 0,900 | 0,914 | 0,928 | 0,940 | 0,952 | 0,961 | 0,970 | 0,977 | 0,984 | 0,990 | 0,996 | 1,001 | 1,005
1,75 0,889 | 0,904 | 0,918 | 0,931 | 0,942 | 0,952 | 0,961 | 0,969 | 0,976 | 0,982 | 0,988 | 0,993 | 0,997
1,80 0,878 | 0,893 | 0,908 | 0,922 | 0,933 | 0,943 | 0,953 | 0,960 | 0,968 | 0,974 | 0,980 | 0,985 | 0,989
1,85 0,867 | 0,883 | 0,898 | 0,912 | 0,924 | 0,935 | 0,944 | 0,952 | 0,959 | 0,966 | 0,971 | 0,977 | 0,981
1,90 0,856 | 0,873 | 0,889 | 0,903 | 0,915 | 0,926 | 0,935 | 0,943 | 0,951 | 0,957 | 0,963 | 0,968 | 0,973
1,95 0,845 | 0,863 | 0,879 | 0,893 | 0,906 | 0,917 | 0,926 | 0,935 | 0,942 | 0,949 | 0,955 | 0,960 | 0,965
2,00 0,835 | 0,852 | 0,869 | 0,884 | 0,896 | 0,908 | 0,917 | 0,926 | 0,933 | 0,940 | 0,946 | 0,952 | 0,957
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Table 6 (continued)

hye/h’ hipy

0,2 0,4 0,6 0,8 1,0 1,2 14 1,6 1,8 2,0 2,2 2,4 2,6

2,05 0,824 | 0,842 | 0,859 | 0,874 | 0,887 | 0,899 | 0,909 | 0,917 | 0,925 | 0,932 | 0,938 | 0,944 | 0,949
2,10 0,814 | 0,833 | 0,850 | 0,865 | 0,878 | 0,890 | 0,900 | 0,909 | 0,916 | 0,923 | 0,930 | 0,935 | 0,940
2,15 0,804 | 0,823 | 0,841 | 0,856 | 0,869 | 0,881 | 0,891 | 0,900 | 0,908 | 0,915 | 0,921 | 0,927 | 0,932
2,20 0,794 | 0,813 | 0,831 | 0,847 | 0,861 | 0,872 | 0,883 | 0,892 | 0,900 | 0,907 | 0,913 | 0,919 | 0,924
2,25 0,784 | 0,804 | 0,822 | 0,838 | 0,852 | 0,864 | 0,874 | 0,883 | 0,891 | 0,899 | 0,905 | 0,911 | 0,916
2,30 0,774 | 0,795 | 0,813 | 0,830 | 0,843 | 0,855 | 0,866 | 0,875 | 0,883 | 0,891 | 0,897 | 0,903 | 0,908

2,35 07641 0,785 10,804 0,821 10,835 10,847 0,856 0,867 | 0,875 0,883 0,889 10,895 ,900
2,40 0{755 | 0,776 | 0,796 | 0,812 | 0,827 | 0,839 | 0,850 | 0,859 | 0,867 | 0,875 | 0,881 | 0,887 |P,893
2,45 0{746 | 0,768 | 0,787 | 0,804 | 0,819 | 0,831 | 0,842 | 0,851 | 0,860 | 0,867 | 0,874 | 0,880 | P,885
2,50 0{737 | 0,759 | 0,779 | 0,796 | 0,811 | 0,823 | 0,834 | 0,843 | 0,852 | 0,859 | 0,866-] 0,872 | P,878
2,55 0{728 | 0,751 | 0,771 | 0,788 | 0,803 | 0,815 | 0,826 | 0,836 | 0,844 | 0,852 | 0\859 | 0,863 | P,870
2,60 0{720 | 0,742 | 0,763 | 0,780 | 0,795 | 0,808 | 0,819 | 0,828 | 0,837 | 0,844(| 0,851 | 0,857 | P,863
2,65 0711 | 0,734 | 0,755 | 0,772 | 0,787 | 0,800 | 0,811 | 0,821 | 0,829 | 0,837/| 0,844 | 0,850 | P,856
2,70 0j703 | 0,726 | 0,747 | 0,765 | 0,780 | 0,793 | 0,804 | 0,814 | 0,822 | ©,830 | 0,837 | 0,843 | P,849
2,75 0695 | 0,719 | 0,740 | 0,757 | 0,772 | 0,785 | 0,797 | 0,806 | 0,815, 0,823 | 0,830 | 0,836 | P,842
2,80 0j687 | 0,711 | 0,732 | 0,750 | 0,765 | 0,778 | 0,790 | 0,799 {\0O,805 | 0,816 | 0,823 | 0,829 | P,835
2,85 0j679 | 0,703 | 0,725 | 0,743 | 0,758 | 0,771 | 0,783 | 0,792\ 0,801 | 0,809 | 0,816 | 0,822 | P,828
2,90 oje71 | 0,696 | 0,718 | 0,736 | 0,751 | 0,764 | 0,776 | Q,786 | 0,795 | 0,802 | 0,809 | 0,816 | P,822
2,95 0j664 | 0,689 | 0,711 | 0,729 | 0,744 | 0,758 | 0,769 [*0,779 | 0,788 | 0,796 | 0,803 | 0,809 | P,815
3,00 0j657 | 0,682 | 0,704 | 0,722 | 0,738 | 0,751 | 0,762\ 0,773 | 0,781 | 0,789 | 0,796 | 0,803 | P,809
3,05 0§649 | 0,675 | 0,697 | 0,716 | 0,731 | 0,744 (0,756 | 0,766 | 0,775 | 0,783 | 0,790 | 0,797 | P,802
3,10 0j642 | 0,668 | 0,690 | 0,709 | 0,725 | 0,38 | 0,750 | 0,760 | 0,769 | 0,777 | 0,784 | 0,790 | P,796
3,15 0636 | 0,662 | 0,684 | 0,703 | 0,718 40,732 | 0,743 | 0,754 | 0,763 | 0,771 | 0,778 | 0,784 | P,790
3,20 0629 | 0,655 | 0,678 | 0,696 | 0,712*4/0,726 | 0,737 | 0,748 | 0,757 | 0,765 | 0,772 | 0,778 | P,784
3,25 0622 | 0,649 | 0,671 | 0,690 | 0,706 | 0,720 | 0,731 | 0,742 | 0,751 | 0,759 | 0,766 | 0,773 | P,779
3,30 0j616 | 0,643 | 0,665 | 0,684 ) 0,700 | 0,714 | 0,725 | 0,736 | 0,745 | 0,753 | 0,760 | 0,767 | P,773
3,35 oj610 | 0,637 | 0,659 [.0,678 | 0,694 | 0,708 | 0,720 | 0,730 | 0,739 | 0,747 | 0,755 | 0,761 | P,767
3,40 0J603 | 0,631 | 0,653%{-0,672 | 0,688 | 0,702 | 0,714 | 0,724 | 0,733 | 0,742 | 0,749 | 0,756 | P,762
3,45 0}597 | 0,625 | 0,648/| 0,667 | 0,683 | 0,696 | 0,708 | 0,719 | 0,728 | 0,736 | 0,744 | 0,750 | P,756
3,50 0{591 | 0,619 (<0642 | 0,661 | 0,677 | 0,691 | 0,703 | 0,713 | 0,723 | 0,731 | 0,738 | 0,745 | P,751
3,55 0{586 | 0,643 | 0,637 | 0,656 | 0,672 | 0,686 | 0,697 | 0,708 | 0,717 | 0,726 | 0,733 | 0,740 | P,746
3,60 0{580,| \0;608 | 0,631 | 0,650 | 0,666 | 0,680 | 0,692 | 0,703 | 0,712 | 0,720 | 0,728 | 0,735 | P,741
3,65 0j574,[ 0,602 | 0,626 | 0,645 | 0,661 | 0,675 | 0,687 | 0,698 | 0,707 | 0,715 | 0,723 | 0,730 | P,736
3,70 0,569 10,597 [ 0,620 [ 0,640 0,656 | 0,670 [ 0,682 0,692 0,702 0,710 [ 0,718 [ 0,725 731
0

3,75 ,563 | 0,592 | 0,615 | 0,635 | 0,651 | 0,665 | 0,677 | 0,687 | 0,697 | 0,705 | 0,713 | 0,720 | 0,726
3,80 0,558 | 0,587 | 0,610 | 0,630 | 0,646 | 0,660 | 0,672 | 0,683 | 0,692 | 0,701 | 0,708 | 0,715 | 0,722
3,85 0,553 | 0,582 | 0,605 | 0,625 | 0,641 | 0,655 | 0,667 | 0,678 | 0,687 | 0,696 | 0,704 | 0,711 | 0,717
3,90 0,548 | 0,577 | 0,600 | 0,620 | 0,636 | 0,650 | 0,662 | 0,673 | 0,683 | 0,691 | 0,699 | 0,706 | 0,712
3,95 0,543 | 0,572 | 0,596 | 0,615 | 0,632 | 0,646 | 0,658 | 0,668 | 0,678 | 0,687 | 0,694 | 0,701 | 0,708
4,00 0,538 | 0,567 | 0,591 | 0,611 | 0,627 | 0,641 | 0,653 | 0,664 | 0,674 | 0,682 | 0,690 | 0,697 | 0,704

EXAMPLE The value of C,,Zy, corresponding to hq¢/h’= 3,00 and h/pq = 1,4 is given as 0,762

20 © 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=2016fcc403b98f38fc50cd04b53221b6

ISO 4377:2012(E)

9.6 Drowned flow reduction factor

9.6.1 The drowned flow reduction factor, Cy,, is related to the head ratio h,./H;,. The functional relationship
is given by:

0183
)3/2} (10)

Cyr 21078[0,909—(hpe /Hyg

where hpe = (hp - k) is the effective separation pocket head relative to lowest crest elevation expressed in
metres.

Equatlon (10) has been derived from Table 7. Calculated numerical values are within 1 % ‘of|the tabulated
figure

Table 7—Cy, in terms of h,o/Hq¢

hpe/H 1e 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09
0,3 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,040 1,000
0,4 1,000 0,996 0,993 0,990 0,987 0,983 0,980 0,977 0,973 0,970
0,9 0,966 0,962 0,958 0,955 0,951 0,947 0,943 0,939 0,935 0,931
0.4 0,927 0,922 0,918 0,913 0,908 0,904 0,898 0,893 0,898 0,883
0,1 0,877 0,872 0,865 0,858 0,852 0,845 0,837 0,828 0,820 0,810
0,4 0,801 0,790 0,779 0,768 0,754 0,738 0,723 0,706 0,685 0,663
0.9 0,638 0,611 0,582 0,550 0;513 0,475 — — — —

NOTE To evaluate Cgr from this table, the appropriate value of hpe/Hje is inserted as a combination of the values in the first

colump and in the first row (above the horizontal rule).

EXAMPLE The value of Cy corresponding to hpd/Hie = 0,63 is given at the intersection formed by the horizontal line from 0,6 with the
verticgl line from 0,03, and Cy, is therefore = 0,913.

9.6.2 | In Equation (10), the drowned flow reduction factor is related to the ratio hpe/Hle, i.e. an expression
involving total head. If Equation (4) is to be used to compute discharge, C, shall be related to gauged heads.
A conyenient way ofdqing this is given in Tables 8 to 12 where the product C Cy, is given in terms of hy/h’
and h}./h,.. Eachtable corresponds to a different range of the ratio h'/p, as follows:

|
_|

able 8.1f0,0 <h'/p, <0,5;

— Thhle9if05<hip, <10
— Table 10if1,0<h'/p; < 1,5;
— Table 11if1,5<hp; <2,0;

— Table 12if2,0 <h'/p; <2,5.
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9.6.3 In the absence of crest tappings, downstream tappings may be used to derive the drowned flow
reduction factor. This method is less accurate by a factor of approximately three. The drowned flow reduction

factor, Cy,, is related to the head ratio H,./H;,. The functional relationships are

Cgr = 1,09 [0,82 — (Hpe/H1)41015

in the range 0,73 < (H,¢/H4.) < 0,93 and

Cyr = 6,315 — 6,0 (Hye/Hy )

in the range 0,93 < (H,_/H,.) < 0,98.

(11)

(12)

Numerical val
used in the s
the coefficien

of velocity method, see Clause 10.

22

ues obtained from the above expressions are given in Table 13. Equations (11) and(12) ¢an be
iccessive approximation method for the computation of discharge but are not suited for pse in
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Table 8 — C,Cy, in terms of hye/h;e and hye/h", 0,0 <h'’p; <0,5
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hoe/h1e hie/h

0,5 1,0 1,5 2,0 2,5
0,45 1,000 1,000 1,000 1,000 —
0,46 1,000 0,997 1,000 1,000 —
0,47 1,000 0,994 1,000 1,000 —
0,48 1,000 0,991 0,996 1,000 —
0,49 1,000 0,988 0,992 1,000 —
0,50 0,996 0,985 0,988 1,000 —
0,52 0,989 0,978 0,980 0,995 —
0,53 0,986 0,975 0,976 0,992 —
0,54 0,082 0,971 0,972 0,088 —
0,55 0,979 0,967 0,968 0,984 —
0,56 0,975 0,963 0,964 0,980 —
0,57 0,971 0,959 0,960 0,976 —
0,58 0,967 0,955 0,956 0,971 —
0,59 0,963 0,951 0,952 0,967 —
0,60 0,959 0,947 0,048 0,962 —
0,61 0,955 0,943 0,943 0,957 —
0,62 0,950 0,939 0,939 0,952 —
0,63 0,945 0,935 0,934 0,947 —
0,64 0,940 0,930 0,930 0,942 —
0,65 0,935 0,925 0,925 0,936 —
0,66 0,930 0,920 0,920 0,930 —
0,67 0,925 0,915 0,915 0,924 —
0,68 0,920 0,910 0,909 0,917 —
0,69 0,914 0,905 0,904 0,910 —
0,70 0,909 0,900 0,898 0,904 —
0,71 0,902 0,894 0,893 0,897 —
0,72 0,895 0,888 0,887 0,890 —
0,73 0,888 0,882 0,881 0,882 —
0,74 0,880 0,876 0,875 0,874 —
0,75 07870 0,869 0,867 0,866 —
0,76 0,860 0,861 0,860 0,858 0,859
0,77 0,850 0,853 0,853 0,850 0,850
0,78 0,840 0,844 0,845 0,841 0,840
0,79 0,830 0,935 0,836 0,832 0,830
0,80 0,820 0.825 0,827 0,823 0,819
0,81 0,810 0,814 0,817 0,813 0,806
0,82 0,798 0,803 0,807 0,802 0,793
0,83 0,786 0,792 0,796 0,790 0,779
0,84 0,774 0,780 0,785 0,776 0,762
0,85 0,760 0,765 0,771 0,764 0,745
0,86 0,744 0,750 0,757 0,748 0,725
0,87 0,725 0,735 0,742 0,730 0,705
0,88 0,706 0,718 0,724 0,710 0,685
0,89 0,686 0,698 0,705 0,690 0,659
0,90 0,663 0,676 0,682 0,665 0,633
0,91 0,639 0,652 0,658 0,640 0,604
0,92 0,610 0,625 0,628 0,610 0,570
0,93 0,580 0,595 0,598 0,577 0,536
0,94 0,548 0,560 0,560 0,538 0,500
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Table 9 — C,Cy, in terms of hye/h;e and hye/h’, 0,5 <h'/p; <1,0

hye/h’

Npe/Nze 05 1,0 15 2.0 25
0.45 1,000 1,000 1,000 1,000 —
0.46 1,000 1,000 1,000 1,000 —
0.47 1,000 1,000 1,000 1,000 —
0.48 1,000 1,000 1,000 1,000 —
0,49 1,000 0,997 1,000 1,000 —
0,50 1,000 0,994 1,000 1,000 —
0,51 1000 6.990 1000 1000
0,52 0,997 0,987 1,000 1,000 e
0,53 0,994 0,984 1,000 1,000 AN
0,54 0,990 0,981 0,996 1,000 -
0,55 0,986 0,977 0,992 1,000 —
0,56 0,982 0,974 0,988 1,000 —
0,57 0,978 0,970 0,984 1,000 —
058 0,974 0,966 0,980 1,000 —
0,59 0,970 0,962 0,975 1,600 —
0,60 0,965 0,958 0,971 0,995 —
0,61 0,960 0,954 0,967 0,992 —
0,62 0,956 0,950 0,962 0,987 —
0,63 0,951 0,945 0,957 0,982 —
0,64 0,946 0,940 0,952 0,977 —
0,65 0,941 0,936 0,947 0,971 —
0,66 0,935 0,931 0'942 0,966 —
0,67 0,930 0,926 0,937 0,960 —
0,68 0,924 0,921 0,931 0,955 —
0,69 0,918 0,916 0,926 0,949 —
0,70 0,911 0,911 0,920 0,941 —
071 0,904 0,905 0,914 0,935 —
072 0,896 0899 0,908 0,927 —
073 0,888 0,893 0,902 0,920 —
0.74 0.880 0,886 0,896 0,911 —
075 0,870 0,879 0,889 0,904 —
0.76 0,860 0871 0,881 0,895 0,900
0,77 0,850 0,863 0,874 0,885 0,890
078 0.840 0,854 0,866 0.875 0,880
0,79 0830 0,845 0,857 0,865 0,870
0.80 0,820 0,835 0,847 0,854 0,860
081 0,810 0,825 0,836 0,843 0,849
0.82 0,798 0,815 0,826 0,832 0,835
083 0,786 0,804 0,815 0.820 0,823
0,84 0,774 0,791 0,802 0,807 0,810
0.85 0,760 0,777 0,790 0,794 0,790
0.86 0,744 0,762 0,775 0,778 0,770
0,87 0,725 0,745 0,760 0,761 0,748
0.88 0,706 0,725 0,740 0,741 0,724
0.89 0,685 0,706 0,720 0,720 0,697
0,90 0,663 0,685 0,699 0,695 0,670
0,91 0,639 0,660 0,675 0,670 0,640
0,92 0,610 0,632 0,645 0,640 0,605
0,93 0,580 0,600 0,615 0,605 0,569
0,94 0,548 0,565 0,578 0,565 0,530

24
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Table 10 — C,Cy, in terms of hpe/h;e and hy/h’", 1,0 <h’p; <1,5

ISO 4377:2012(E)

hyelh’

Mpeffie 05 1,0 15 2,0 25
0,45 1,000 1,000 — — —
0,46 1,000 1,000 — — _
0,47 1,000 1,000 _ — _
0,48 1,000 1,000 — — —
0,49 1,000 1,000 — — —
0,50 1,000 1,000 1,000 — _
053 1600 0,997 1600 —
0,52 1,000 0,094 1,000 — —
0,53 0,099 0,991 1,000 — —
0,54 0,995 0,087 1,000 _ _
0,55 0,992 0,084 1,000 — —
0,56 0,089 0,080 1,000 N —
0,57 0,085 0,977 1,000 — _
0,58 0,980 0,973 0,995 _ _
0,59 0,975 0,969 0,991 — _
0,60 0,971 0,965 0,087 1,000 _
0,61 0,966 0,961 0,082 1,000 _
0,62 0,961 0,956 0,977 1,000 _
0,63 0,955 0,952 0,072 1,000 —
0,64 0,950 0,048 0,967 1,000 —
0,65 0,944 0,944 0,962 0,997 _
0,66 0,038 0,939 0,057 0,092 —
0,67 0,031 0,034 0,952 0,087 —
0,68 0,925 0,929 0,047 0,081 —
0,69 0,919 0,924 0,941 0,975 _
0,70 0,012 0,019 0,936 0,970 —
0,71 0,004 0,913 0,930 0,963 —
0,72 0,896 0,906 0,923 0,956 _
0,73 0,888 0,900 0,916 0,949 _
0,74 0,880 0,894 0,910 0,941 _
0,75 0870 0,886 0,903 0,033 _
0,76 0,860 0,878 0,896 0,924 _
0,77 0,850 0,870 0,889 0,915 _
0,78 0,840 0,861 0,881 0,905 —
0,79 0,830 0,853 0,872 0,894 0,903
0,80 0,820 0,842 0,862 0,883 0,893
0,61 0,810 0,831 0,851 0,871 0,880
082 0,799 0,820 0,841 0,859 0,867
0,83 0,786 0,809 0,830 0,845 0,854
0,84 0,773 0,797 0,817 0,830 0,838
0,85 0,760 0,783 0,804 0,814 0,820
0,86 0,744 0,767 0,789 0,795 0,800
0,87 0,725 0,751 0,771 0,775 0,779
0,88 0,706 0,731 0,752 0,755 0,753
0,89 0,686 0,712 0,732 0,733 0,728
0,90 0,663 0,690 0,710 0,707 0,700
0,91 0,639 0,666 0,685 0,682 0,670
0,92 0,610 0,640 0,655 0,653 0,633
0,93 0,580 0,606 0,626 0,620 0,595
0,94 0,548 0,570 0,585 0,580 0,553
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Table 11 —C,Cy, in terms of h,/hig and hyg/h', 1,5 <h'/p; <2,0

hye/h’

Npe/Nze 05 1,0 15 2.0 25
0.45 1,000 1,000 — — —
0.46 1,000 1,000 — — —
0.47 1,000 1,000 — — —
0.48 1,000 1,000 — — —
0,49 1,000 1,000 — — —
0,50 1,000 1,000 1,000 — —
0,51 1,000 1,000 1,000 — —
0,52 7,000 0,098 T.000 — —
053 1,000 0,995 1,000 — N
0,54 1,000 0,992 1,000 — "
0,55 0,996 0,989 1,000 — —
0,56 0,992 0,985 1,000 — —
0,57 0,988 0,982 1,000 — —
0,58 0,984 0,979 1,000 — —
0,59 0,979 0,975 1,000 _s —
0,60 0,974 0,971 0,998 1,600 —
0,61 0,969 0,967 0,994 1,000 —
0,62 0,964 0,963 0,989 1,000 —
0,63 0,958 0,959 0,985 1,000 —
0,64 0,952 0,955 0,980 1,000 —
0,65 0,946 0,950 0,975 1,000 —
0,66 0,940 0,945 0.969 1,000 —
0,67 0,933 0,940 0,964 1,000 —
0,68 0,926 0,935 0,959 1,000 —
0,69 0,920 0,930 0,953 0,998 —
0,70 0,913 0,925 0,948 0,992 —
071 0,905 0,918 0,942 0,986 —
072 0,898 0,912 0,936 0,980 —
073 0,889 0.905 0,930 0,973 —
0.74 0,880 0,898 0,923 0,965 —
075 0,870 0,890 0,916 0,957 —
076 0,860 0,882 0,909 0,949 —
077 0,850 0,875 0,901 0,940 —
078 0,840 0,866 0,894 0,930 —
0,79 0,830 0,857 0,885 0,920 —
0,80 0,820 0,847 0,875 0,909 —
081 0,810 0,837 0,865 0,896 0,908
0,82 0,799 0,826 0,854 0,883 0,896
0’83 ﬂ’7Q7 n,Q1l: n,QA') ﬂ’Q7ﬂ ﬂ,QQ/l
0.84 0,774 0,800 0,830 0,854 0,870
0,85 0,760 0,786 0,815 0,836 0,854
0.86 0,744 0771 0,800 0,817 0,834
0.87 0.725 0,755 0,781 0,798 0,813
0.88 0,706 0,736 0,761 0.776 0,791
0,89 0,686 0,716 0,740 0,754 0,766
0,90 0,663 0,695 0718 0,728 0,740
0,01 0,639 0,672 0,691 0,699 0,706
0,92 0,610 0,645 0,664 0,668 0,670
0,93 0,580 0,611 0,630 0,634 0,630
0,94 0,548 0,575 0,595 0,597 0,588

26
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Table 12— C,Cy, in terms of hye/hye and hye/h’, 2,0 <h'/p; <2,5

ISO 4377:2012(E)

hye/h’

Npe/Nze 0,5 1,0 15 2.0 25
0.45 1,000 1,000 — — —
0,46 1,000 1,000 — — —
0,47 1,000 1,000 — — —
0,48 1,000 1,000 — — —
0,49 1,000 1,000 — — —
0,50 1,000 1,000 — — —
0,51 1,000 1,000 — — —
057 7,000 T.000 — — —
0,53 1,000 0,998 — — —
0,54 1,000 0,995 — — —
0,55 1,000 0,992 1,000 — —
0,56 0,996 0,989 1,000 < —
0,57 0,991 0,986 1,000 ) —
0,58 0,987 0,982 1,000 — —
0,59 0,982 0,979 1,000 — —
0,60 0,977 0,975 1,000 1,000 —
0,61 0,972 0,972 1,000 1,000 —
0,62 0,966 0,968 1,000 1,000 —
0,63 0,961 0,964 0,995 1,000 —
0,64 0,955 0,960 0,990 1,000 —
0,65 0,949 0,956 0,985 1,000 —
0,66 0,942 0,951 0,980 1,000 —
0,67 0,935 0,947 0,974 1,000 —
0,68 0,928 0,942 0,969 1,000 —
0,69 0,921 0,937 0,963 1,000 —
0,70 0,914 3,932 0,957 1,000 1,000
0,71 0,906 0,925 0,951 1,000 1,000
0,72 0,898 0,918 0,945 1,000 1,000
0,73 0,889 0,912 0,939 0,994 1,000
0,74 0,880 0,905 0,932 0,985 1,000
0,75 0,870 0,897 0,925 0,976 1,000
0,76 860 0,889 0,917 0,968 1,000
0,77 0,850 0,880 0,909 0,959 1,000
0,78 0,840 0,871 0,901 0,949 0,988
0,79 0,830 0,862 0,892 0,939 0,975
0,80 0,820 0,853 0,883 0,927 0,962
0,81 0,810 0,843 0,874 0,914 0,949
0:82 0,799 0,832 0,863 0,900 0,935
g:g3 0787 0.820 0852 0838 0,920
0,84 0,774 0,806 0,840 0,871 0,902
0,85 0,760 0,792 0,825 0,855 0,884
0,86 0,744 0,777 0,810 0,837 0,862
0,87 0,725 0,761 0,794 0,817 0,840
0,88 0,706 0,743 0,775 0,795 0,815
0,89 0,686 0,723 0,754 0,770 0,789
0,90 0,663 0,700 0,732 0,744 0,760
0,91 0,639 0,677 0,705 0,716 0,728
0,92 0,610 0,650 0,677 0,684 0,690
0,93 0,580 0,617 0,645 0,646 0,651
0,94 0,548 0,580 0,606 0,605 0,608
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Table 13 — Cy, in terms of Hyo/Hq o

Hoe/H1e 0,000 0,005

0,73 0,995 0,992

0,74 0,988 0,986

0,75 0,983 0,981

0,76 0,978 0,976

0,77 0,973 0,970

0,78 0,967 0,964

0,79 0,961 0,958

0,80 0,954 0,949

0,81 0,946 0,942

0,82 0,938 0,934

0,83 0,929 0,925

0,84 0,920 0,915

0,85 0,909 0,903

0,86 0,897 0,891

0,87 0,884 0,877

0,88 0,869 0,861

0,89 0,851 0,842

0,90 0,831 0,820

0,91 0,807 0,792

0,92 0,776 0,756

0,93 0,735 0,705

0,94 0,675 0,645

0,95 0,615 0,585

0,96 0,555 0,525

0,97 0,495 0,465

0,98 0,435 —
NOTE To evaluate Cy, from this table, the appropriate value of Hoe/H1¢ is inserted as a
combination of the values in the first column and in the first row (above the horizontal rule).
EXAMPLE The value of Cg, corresponding to Hye/Hie =0,895 is given at the
intersection formed by the horizontal line from 0,89 with the vertical line from 0,005, and Cy is
therefore="07842-

9.7 Limits of application

9.7.1 The practical lower limit of upstream head is related to the magnitude of the influence of fluid
properties and boundary roughness. For a well-maintained weir with a smooth crest section (e.g. stainless
steel), the minimum head recommended is 0,03 m. If the crest is of smooth concrete or a material of similar
texture, a lower limit of 0,06 m is recommended.

9.7.2 There is also a limiting value for the ratio Hp, of 2,5 and there are limitations of H,/p, as detailed in
Table 4. These are governed by the scope of the experimental verification and vary with cross-slope.
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P, is the elevation of the lowest crest elevation relative to the downstream bed level, expressed in metres.

9.7.3

There is a limiting Froude number for the flow conditions in the approach to the weir in order to avoid

standing waves which would interfere with the upstream head measurements. The Froude number,

o/ [g(h1+ pl)} , shall not exceed 0,5. This should be checked at the design stage and periodically during

the operation of structures in alluvial rivers where bed levels may vary with time.

10 Computation of discharge

10.1 | General

There|

are two common methods of computing discharges from gauged head readings:-’The first obtains

result$ by successive approximation techniques and utilizes the basic “total head” equations. A computer can
effectively make the calculations involved in this method. The second method utilizes-the relatipnships which

can be¢ derived between the gauged and total heads for particular weir and flow geametries. The
coeffigient of velocity, C,, in the discharge equation to be assessed from tables(or graphs.

It is inpportant that discharges are calculated using the actual built dimensions of the structure. A
structlire should be carried out immediately after the construction afid repeated at fixed time
additipnally if movement is suspected. The time interval chosen will'"depend on the risk of chang
attent{on should be paid to measurement of crest levels, crest cress-slope and gauge zeros.

10.2 | Successive approximation method

10.2.1 Computation using individual head measurements

The method of successive approximations is applicable to any weir geometry and can be used
gaugdd heads to total heads in both modularand drowned flow conditions.

The method is as follows.

a)

b)

c

se Equation (1) if the flow is-modular and Equation (3) if the weir is drowned.

(@)

(@]

ompute the effective gauged head, hy, = h; — k.

(W)

etermine the’eross-sectional area of flow, A =B (h; + p;), where B is the width at the upst
ation, expréssed in metres.

n

Detesmine the value of K; where K, = 0,8CDe\/§m for modular flow.

etermine the coefficientof discharge, Cp,, and the head correction factor, k,, using Table 4.

se enable the

survey of the
intervals and
es. Particular

for converting

ream gauging

Assume, as a first approximation, that H;, = h;, and compute the discharge.
Q = K ZyH, 52 for modular flow

and Q = K;Cq,ZyH; 52 for drowned flow

where the value of Z,, is obtained from Table 5 or Equations (7) and (9). For drowned flow, the value of
Cp, is obtained from Table 7 or Equation (10) when the separation pocket head is measured and

Table 13 or Equations (11) and (12) when the tailwater level is measured.
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)

g)

h)

The above m¢thod enables discharges to be calculated from individual gauged head readings.

10.2.2  Computation of modular stage-discharge function

Use this approximate discharge to determine the velocity head.

—2 2
@ aQ 5= velocity head (13)
29  2gA

The Coriolis coefficient should normally be taken as 1,2. However, as a refinement, figures may be
derived using Figure 2.

Calculate a new estimate of the total head, H,, = h;, + velocity head (calculated in the previous step).

nitude

less than|the required uncertainty.

The method dlescribed in 10.2.1 does not provide the quickest way of computing adtodular stage-disgharge
graph for a particular weir installation where such a plot is required and requires the‘use of software designed
for the purppse. The following methodology provides a technique for estimating the stage-disgharge

relationship i terms of the measured upstream head (stage).

A concise method of obtaining the theoretical calibration curve is to calculate the relationship between the total
head and disgharge and then to convert total head to gauged head. This' conversion will normally require| fewer

loops of the syccessive approximation cycle than in the method descriléd in 10.2.1.

The principle pf the method is as follows.

a)

b)

d)

30

Using thg total head Equation (1), calculate a series-of values of Q for a series of assumed values ¢f Hy;
Zy, is obtained from Equation (9) which has already been referred to in 9.3:

Zy =|1— (1 - HHyp)%?

H’ is the difference between the highest and lowest crest elevation;

Cpe find ky, are obtained’from Table 4;
Zy can.beread from Table 5.

Convert the seties of upstream total effective head values H,,, to the corresponding gauged head vglues.

Assume Tthat the upstream water fevel 15 at the efevation given by the total head, deduce the cross-
sectional area of the approach channel, and calculate the velocity of approach. An approximate value of
the gauged head is deduced from:

hy = Hae —(7a? 129) +kp (14)

This provides an improved estimate of water level. Use this to revise the original value for the approach
velocity and to obtain a further value of the gauged head h;. This procedure is repeated until the

difference between the successive estimates of the gauged head is an order of magnitude less than the
required tolerance.
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Repeat steps c) and d) for each pair of values of H;, and Q, to provide a complete modular stage-discharge
curve for the structure.

10.3 Coefficient of velocity method

10.3.1

Modular flow conditions

Equation (2) is used in this method of computing discharge from the known quantities, p;, m, h" and h;. The
method is as follows:

a)

b) N
c) Q
d Q
e S
10.3.2

Equatjon (4) is used in this method of computing discharge*frem known values of p, m, H’, h
calcul

a)

b)

c)

d)

alculate h, =h. _ k. _usinathe annranriate value of k. from Tabhle 4
1 1 n < L L T

G

N

D

ote the appropriate value of Cp, from Table 4.

alculate the ratios h'/p; and hy/h". Look up the appropriate value of C, Z,, from-Table 6.
alculate h, 2.

ubstitute known values in Equation (2) to determine the discharge.

Drowned flow conditions

htion proceeds as follows:

alculate h;¢ = h; -k, and hye = h, -k, using Tahle 4 for the value of k.

ote the appropriate values of Cp, from Table 4.

valuate h,e/hqe, hye/h”and h'/p,. Read off the appropriate value of C,Cy, from Tables 8 to 1
- Table 8if0,0<h'p, <0,5

- Table 9if 0,5 <h/ps<10;

- Table 10 if 1,0zh"/p, < 1,5;

- Table 1%.if<1,5 <h'/p, < 2,0;

- Table12if2,0<h'p,<25.

etermine the value of Z,, using Table 5.

and hp. The

D, i.e.:

S

ubstitute known values in Equation (4) to determine the discharge.

e) Calculate hy 2.

Examples of these computational methods are given in Clause 12.

© ISO 2012 — All rights reserved

31


https://standardsiso.com/api/?name=2016fcc403b98f38fc50cd04b53221b6

ISO 4377:2012(E)

10.4 Accuracy

10.4.1 The overall accuracy of measurement will depend on the following:

a) the accuracy of construction and finish of the weir;

b) the accuracy of the head measurements;

c) the accuracy of other measured dimensions;

d) the accuracy of the coefficient values;

e) the accurlacy of the form of the discharge equations.

The method |by which estimates of these constituent uncertainties can be combined to give the ¢verall

e weir

uncertainty in
[see point a)]
means of a S
uncertainties

10.4.2 The {
Table 4. Theq
marginal char

computed discharge is given in Clause 11. The accuracy of construction andAfinish of th
above is not specifically accounted for in the uncertainty analysis referred‘to in Clause
eparate term. Nevertheless, allowance can be made for poor constructionvand/or finish
bn the measured dimensions and the coefficient values.

tandard uncertainties (68 % confidence limits) for the modular discharge coefficients are g
e reflect the random and systematic errors which occur in calibration experiments and al
ges in coefficient values which occur with changing distance:

11 by
in the

ven in
50 the

11 Unceiftainties in flow determination
11.1 Gengral
11.1.1 This ¢lause provides information for the user of:this International Standard to state the uncertainty of a

discharge det

NOTE In
at the 95 % cor

The ISO/IEC
measurement

ermination obtained for a flat-V weir.

hccordance with former practice in hydremetry, the expression for uncertainty is continued to be exp
fidence limit for the discharge coefficient and the determined flow rate.

Guide 98-3, Uncertainty(of-measurement — Part 3: Guide to the expression of uncertaj
(GUM:1995) (referred-to hereafter as the GUM) and ISO/TS 25377 (referred to hereafter

HUG) operatg

the uncertai

using standard uncertainties (i.e. at the 68 % confidence limit). In accordance with the

ressed

nty in
As the
HUG,

y of a flow detérminations using a flat-V weir are estimated as a combined uncertainty,

hty of
hctice.
ty are
ype-A
68 %
ng so
y the

calculated from the various component uncertainties. The HUG requires final resultant uncertai
measuremeny to be expressed at the 95 % confidence limit since this is normal hydrometric pr
Nevertheless] in the firstifnstance the standard uncertainty is estimated. Some components of uncertair
expressed at the 95 %:confidence limit while others are standard uncertainties, i.e. those derived from T
and Type-B methods-(see B.5 and B.6). Those at the 95 % confidence limit shall be converted to the
confidence lipnit_by dividing them by the coverage factor, k = 2 at the 95 % confidence level. Hav
combined the ompoRen ' he : e js—re j : Holi

coverage factor (k = 2)

to express the uncertainty at the 95 % confidence limit.

11.1.2 Annex B provides an introduction to measurement uncertainty based on the GUM and the HUG. Flow
determinations in hydrometry are dependent on measurements using various techniques. Annex C which is
taken from the HUG provides guidance on the sample values for a variety of hydrometric measurement
techniques. These are presented in tabular form with uncertainty estimates ascribed to each technique for the
purpose of illustration only. These sample values shall not be interpreted as norms of performance. The
uncertainties expressed in Table C.1 are at the 68 % confidence level.
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11.1.3 A measurement result comprises:

i)
i)

al

a

n estimate of the measured value, with

statement of the uncertainty of the measurement.

11.1.4 A statement of the uncertainty of a flow measurement can be considered to have four separate
components of uncertainty:

c

o

o C

v)

o

This ¢
to tho
Also,

calcul

11.1.5
Anne

Value

only, and they should not be interpreted as norms of performance for the types of equipment list

uncer
laborg
situ cf

11.2

Refer

The €
derive

f\r‘prtainty of the measurement of head in the channel (l |*hw)'

ncertainty of the measurement of the dimensions of the structure (u*m);

hcertainty of the discharge coefficient stated in Table 4 from laboratory calibration of the
ping considered (U"Cp,);

hcertainty of channel velocity distribution related to the velocity coefficient, C,, if this i
btermination of discharge;

ncertainty in the drowned flow reduction factor (u"Cg,). This cah.be ignored if the flow is mo
5e existing in the calibration facility at the time of derivation of component iii) and as de
ith the use of computers, it is recommended thatthe successive approximation method

htion (see 10.2).

The estimation of measurement uncertainty associated with items i) and ii) of 11.1.4
C.

5 taken from Annex C are used in(the' example in Clause 12. These values are for illustrg

tory with accreditation to ASO/IEC 17025[6] or sound hydrometric experience including ind
eck measurements.

Combining uneertainties
to B.7.

tent ta-which each flow equation parameter contributes to the flow measurement uncer
d by analytical solution using partial differentials of the discharge equation.

flow structure

D

used in the

dular.

lause does not accommaodate iv). It is assumed that the:channel hydraulics are substantiglly equivalent

ined in 6.2.2.
is used in the

s provided in

tive purposes
ed. In practice,

ainty estimates shall be taken: from test certificates for the equipment, preferably obfained from a

ependent, in-

ainty, U(Q) is

Q =JCpeCqrVgMZyH g

where
J is a numerical constant not subject to error;
C4 isequalto 1 for modular flow conditions.
Uncertainties in g, the acceleration due to gravity, may be ignored.
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The effect on

AQ:J\/E(

the value Q due to small dispersions of ACp,, Am and Ah;, is:

Ahlej

Q

0Cyr

Q

om

Q

oQ
ACp,p +
De 6h

0Cpe

Am +

ACdr +

(16)

where the partial differentials are the sensitivity coefficients referred to in Clause B.7 and the HUG that relate
to the discharge equation. AQ is the resultant dispersion of Q due to small dispersions of ACy,, ACy,, Am and

Ah,. Evaluating the partial differentials and using Equation (16) the relationship can be written:

AQ _ACpe ACy Am _, _Ahg 17)
Q C)e Cdr m , hle
. . AC AC Ah . .
In uncertainty analysis, the values ﬂ, ZxDe & “dr ,A_m and —& are referred to as\dimensipnless
CDe Cdr m le
standard undertainties and are given the notation u*(Q), u"(Cpg), U™ (Cqy), U*(m) andxu™(h,.). Singe the

uncertainties

quadrature ra
estimated thu

u'(Q)=

NOTE Fo

11.3 Uncs

The uncertain

high calibratig
the approach
varies in acc
parameter of
Table 14.

ther than a simple summation. The standard uncertainty of the discharge measurement ¢

D.

* * * * 2
Ju (Cpe)2 +U"(Cy)2 +u (m)2+[2,5u (hle)J
modular flow, u™(Cg;)2 = 0.

rtainty in the discharge coefficient u*(Cpg)gg for the flat-V weir

ty in the discharge coefficient Cp, has been determined from a series of hydraulic tests u

n facility. For well constructed triangular profile weirs which are installed in a channel in
conditions comply with 6.2.2, the_relative standard uncertainty of the coefficient of disg
brdance with the ratio of the total upstream head to the height of the vee and the hor
the weir cross-slope (m). Thetwvalues to be used are contained in Table 4 but are summari

ble 14 — Uncertainties in the discharge coefficient at the 68 % confidence level

of Cpe, Cq4, M and h;, are independent of each other, probability- requires summaton in

an be

(18)

sing a
which
harge
zontal
zed in

Hy/H' < 1,0 Hy/H > 1,0
m U"(Cpeleg % m U"(Cpeleg %
40 1,5 40 1,25
20 1,6 20 14
10 1,45 10 1,15

11.4 Uncertainty in the drowned flow reduction factor u*(Cy,)

There are five factors which influence the uncertainty in C,:

1) the uncertainties in the laboratory determination of the Cy, versus hp/H relationship;

2)

34

the uncertainties in the laboratory determination of the C, versus H,./H, relationship;
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3) the uncertainties in the measurement of the upstream effective head, h,;

4) the uncertainties in the measurement of the separation pocket head, hpe;

5) the uncertainties in the measurement of the downstream effective head, h,,.

A suitable expression for the combined uncertainty in the drowned flow reduction factor when using crest
tappings is:

U*(Cdr):5(l_Cdr)\/]-"'U*(hle)z""U*h,pe2 (19)

A suifable expression for the combined uncertainty in the drowned flow reduction facteff when using
downgtream (tailwater) water levels is:

*(Cdr):5(1_Cdr)\/1+U*h,e12 +U" 26 (20)

)

11.5 [Uncertainty in the effective head

The upcertainty in effective total head can be considered to consist of fourcomponents:
1) the uncertainty in the actual head measurement i.e. instrument uncertainty;

2) the uncertainty in the gauge zero;

3) the uncertainty in the head correction factor kA The absolute standard uncertainty is uspally taken as

0.1 mm which can be assumed to be negligible relative to the first two uncertainties|and for most
practical applications can be ignored.

4) the uncertainty in the estimation oftotal head using the iterative process. If sufficient|iterations are
used in the computation the uncertainty in the estimation of total head is negligibl¢ and can be
ignored.

Therefore, if uncertainties in the_head correction factor and the iterative process are ignored, thefuncertainty in
the tofal head can be estimated.as follows:

/ 2 2
*He :loow (21)

h

oy

wherdg u(h;)and U(E) are the absolute, standard uncertainties in the instrument and the stage zerp respectively
in the [same.units as the stage (h,).

Therefore, the uncertainty in the effective head can be assumed to be a combination of the instrument and
gauge zero uncertainties. Examples of the computation of the uncertainty in the effective total head are
contained in Clause 12. In addition, reference should also be made to Annexes B and C.

11.6 Uncertainty budget

In reports, an uncertainty budget table may be presented (or referenced) to provide the following information
for each source of uncertainty:

a) the method of evaluation (from Annex B);

b) the determined value of relative standard uncertainty u*(Cp,), u™(m), u”(Cq,) and u®(h;), including the
datum uncertainty of u*(h.);
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c) the relative sensitivity coefficients. The sensitivity coefficient is a measure of the impact of the individual
component uncertainty on the overall uncertainty. For v-shaped structures such as a flat-V weir, the head
measurement has an exponent value g = 2,5. Therefore, the sensitivity is 2,5 since any error in the head
measurement, results in a larger uncertainty in the discharge due to the impact of the exponent on the
discharge computation.

The values for each source are then applied according to Equation (18) to give the combined standard
uncertainty, U*(Q). A coverage factor k = 2 is then applied to define the uncertainty at the 95 % level of

confidence.

It is customary to present these steps in tabular form with one row for each source and a column for each of

the items a) t

c) above (see Tabhles 16 and 18 in Clause 12)

The table ma
the quantities

relationship b

11.7 Variati
volume

11.7.1 Unce

For gauging
uncertainty ar
produce tablg
uncertainty cu
and the corre

Key

discharge

20
18

tainty curve

include where appropriate the critical thinking behind the subjective allocation of uncertainty to
m and h,. This section of the table may be replicated for a range of values of h, to|determine a

ptween U™(Q) and h.

jon of uncertainty with flow and uncertainty in mean daily flow.and the daily flow

stations, it is often required to establish the variation:of uncertainty with dischargg. The
alysis referred to in 11.2 to 11.6 above can be applied to.a range of stages. It is then posgible to
s and graphs of the relationship between stage and/or, flow and uncertainty. An examplg of an
rve at the 95 % confidence level for the flat-V weirreferred to in Clause 12 (see 12.1 and 12.2)
sponding stage discharge relationship is shown intFigure 4.

1

i-m3s1

stage (m)

a b~ W N -

36

percentage uncertainty (95 % confidence level)

derived stage-discharge relationship
uncertainty vs. discharge relationship

Figure 4 — Example of an uncertainty vs. discharge curve
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11.7.2 Uncertainty in the daily mean flow

The percentage uncertainty in the daily mean flow can be estimated using Equation (22).

* U*(Qn)XQn
U™ (Qgm =—z 22
( d f) ZQn (22)

where
n is the number of stage measurements per day, e.g. 96 for a 15 min recording frequency;
q, is the flow rate in m3s~1 for the nth value in the day;
U'(Q,) is the uncertainty in the flow estimate for the nth value in the day;

c

*(Qdmf)is the uncertainty in the daily mean flow at the same coverage factor as the ipdividual flow
uncertainties.

11.7.3 Uncertainty in the daily flow volume

The pprcentage uncertainty in the daily flow volume can be estimatedwsing Equation (23).

* u* X xtx 60
dfv
where
Qyry s the total daily flow volume in m3d-2;

is the time interval between readings in minutes, e.g. 15 min;

—

C

"(Qqt,) is the uncertainty in-the daily flow volume at the same coverage factor as the ihdividual flow
uncertainties.

12 [Examples
12.1 | ExampleI — Computation of modular flow at low discharge

12.1.1 Data

A flat-V"Welr hias a crest cross-siope of 1720,30. The crest width and approaciht channet width are both 36,0 m
and the mean upstream bed level is 0,82 m below the lowest crest elevation. Calculate the discharge when
the observed upstream head is 0,621 m. The estimated uncertainty in the gauge zero is 1,0 mm. The head
measurements are made using a float and counterweight sensor linked to a logging system by means of a
shaft encoder. The basic measurements with their estimated uncertainties are given below:

— m=20,30[u",=0,2% at 1 SD(68 %)]
— B=b=236,00m (ug = u, = 0,005 m)

— py=0,82m (uy = 0,001 m)
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— h;=0,621m

— H'=h"=0,887 m (u,, = 0,001 m)

The appropriate coefficient and head correction values are obtained from Table 4:

— Cpe=0,620

— ky=0,000 5 m (Uy, = 0,000 2 m)

12.1.2  Sol

The approprig

Q=0,8C
where
hle = hl T

hie < ', ience, flow is confined within the V and Z,; = 1,000 from Table 5:

0,80
Hence,
Q=31,54

The area of ¢

TtTOTT Dy SUCCESSIVE approximation metttod(See 10-2)
te discharge Equation (1) is as stated in 9.1:

5/2
pevVd MZy Hie

k,=0,621-0,0005=0,6205m

De+/9 M=3154 mY2 /s

a=1,2, the velocity head is given by:
avaz B 2Q? B Q2
29 Zng(h1+ pl)z 44000
From these

Table 15 — Example of modular flow discharge calculation

(24)

foss-section, A, which is equal to B (hy+ p4), is 51,88 m2. Hence, from Equation (13), assuming

(25)

basic values, ,the) calculation of discharge is given in Table 15. Hence, the disgharge
is 9,65 m3/sY.

— 2
*Va H‘In Q
29
av 2
From Equation (25) Hie =hpe + 23 From Equation (24)

m m m3/s
1st approximation 0,000 0 0,6205 9,57
2nd approximation 0,0002 1 0,622 7 9,65
3rd approximation 0,002 1 0,622 7 9,65
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12.1.3  Solution by coefficient of velocity method (see 10.3)

Even though the successive approximation method is preferred, the modular flow example (see 12.1.2) is also
calculated using the coefficient of velocity method for completeness.

The appropriate discharge Equation (2) is as stated in 9.1:

Q=0 8CDeCV\/§m ZhhleS/2

where

h[g=h, — k= 0,621 — 0,000 5= 0,620 5 m

Che = 0,620

>

s h'/p; = 1,08 and h,/h' = 0,70, from Table 6, C,Z,, = 1,008.

=

.5/2 20,303 3 m5/2

Substltution in the discharge equation then gives a flow of 9,64 m3s1;
12.2 [Example 1 — Uncertainty in computed discharge
12.2.1 Uncertainty in the discharge coefficient

The upcertainty in the discharge coefficient is obtained;from Table 14.
H =0,887 m Crgss slope =1:20

H;e = 0,623 m (see Table 15)

Hyo/H = 0,702 <1

Ffom Table 14 U"(Cpeles = 1,6 %

12.2.3 Uncertainty in.dfowned flow reduction factor

The flpw is modular.

Therefore, the-reduction factor Cy, = 1, and as such u*(Cg,)gg = 0.

122" [ 2 bttty L+l bhaorvioan - B £ il A AL " foarad ot
L.oo—omreerartty i are ot rz2oTtar, COTpoTTen e wenm TSt yTauTerTt

From the data provided: u*(m) = 0,20 % at the 68 % confidence limit.

12.2.4 Uncertainty in the effective total head

As noted in 11.5, the uncertainty in the head measurement consists of four components, but two these can be
ignored. The two main components are

1) the uncertainty in the instrument reading, and

2) the uncertainty in the gauge (stage) zero.
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The instrument indicates a head of 0,621 m.

From the table of uncertainties in Annex C, the estimated absolute uncertainty for a float system with a shaft
encoder is 0,001 5 m at the 68 % confidence and a bimodal distribution is assumed. Therefore, the absolute
uncertainty for the instrument is given by Equation (B.7) from Annex B.

(&max — @min) _ (622,5-619,5)
2 2

U(amean) = 1,5 mm = u(hy)

From the table of uncertainties in Annex C, the estimated absolute uncertainty in the stage zero is 0,001 m. A
triangular distribution can be assumed. Therefore, the absolute uncertainty for the gauge zero is given by

Equation (B.4

Y fram - Annav R ot tha 680 0 canfidancn laval
o rmeX oottt Oo— 70— cormattrcerever

U(amean

— i (amax — amin) _ i (622 -620) _

- - N

0,41 mm = u(E)

The overall ucertainty (68 % confidence level) in the head is estimated using Equation (21),;-thus:

U;le = 10
U0 = 0,259

12.2.5 Overdq

Ju(h))2 +u(E)2 2 2
0 (h) . (E) =100 15 6;(1)'41 = 0,25 % at the 68 % confidence level

at the 68 % confidence level

[l uncertainty

The combined uncertainty estimate is determined from Equatior.(18)

u'@Q=

U'(Q-=
Therefore, at
U'(Q =1
The statemen
The flow

An uncertaint)

Ju*(cDe)z U (Cq)? +u" )2 +[ 250" ()]

/1,62 402 10,22 +2,52x0,252 = 173%

the 95 % confidence leve)

73X2=3,46%

t of discharge ig'therefore:

rate is 9,65,m3s~1 with an uncertainty of 3,46 % at the 95 % confidence level.

budget for the example is given in Table 16

Table 16 — Uncertainty budget for the modular flow example

Type/Evaluation u, u” value Sensitivity Comment
coefficients
u*(CDe) B/Normal 1,6 % 1,0 From laboratory tests
u™(m) B/Triangular 0,2 % 1,0 Installation tolerance
u(E) B/Triangular 0,001 m From Table C.1
u (h) B/bimodal 0,0015m From Table C.1
u*(hye) Combined 0,25 % 2,5 From 11.5
U(e)) Combined 1,73 % Using Equation (18)
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12.3 Example 2 — Computation of drowned flow at high discharge

12.3.1 Data

A flat-V weir has a crest cross-slope of 1:10,1. The crest width and approach channel width are both 25,000 m
and the mean upstream bed level is 0,56 m below the lowest crest elevation. Calculate the discharge when
the upstream head and crest tapping's record heads of 2,614 m and 2,211 m respectively.

The head and crest tapping measurements are made using float and counterweight water level sensors. The
basic measurements with their estimated uncertainties are given below:

— =10, =0,20 9 at T SD(68 )]

— b}=25,000 m (u, = 0,004 m)

— P} =0,56 m (uy; = 0,002 m)

— h{=2614m

— h}=2211m

— H=h"=1,238m (uy = 0,001 m)

The appropriate coefficient and head correction values are agbtained from Table 4:
— Cpe=0,620m

— ki = 0,000 8 m (uy, = 0,000 2 m)

12.3.1 Solution using successive approximation method (see 10.2)

The appropriate discharge Equation.(3) Iis as stated in 9.1:

= 018CDeCdr\/am Zy H1e5/2

Ve

wherg

hje =h; —ky =2,164 — 0,000 8 = 2,613 2 m, i.e. 2,613 m

>

e = o =K, =2,211-0,000 8=2,210 2 m, i.e. 2,210 m

hi.>h". hence. flow is above the V-full condition and values of Z,, can be read from Table 5

0,8Cpe+/g M=15,69 m05s
Hence,

Q =15,69C4ZH1%2 m3s1 (26)
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The area of cross-section, A, which is equal to B(h; + p,), is 79,35 m2. Hence, from Equation (13), assuming
a = 1,2, the velocity head is given by:

aUaz _ an _ Qz -
2 2
29 2gB (h1+ pl) 102 920
The calculation of discharge then proceeds as shown in Table 17. Hence, the discharge is 122,9 m3s-1,
Table 17 — Example of drowned flow discharge calculation
0.2 hye/H :
La_ Hie pe "1 Car Hie/H Zy Q
29 e
From Hie =hge + a;a From (')I'rable ! Iz)rrolrET:]I:tki)(I)iS From
- g .
Equation (27) Equation (10) (7).and(9) Equatioh (26)
M m m3fs
15t approximdtion 0,000 2,613 0,845 0,746 2,120 0,799 103|2
2nd approximtion 0,103 2,716 0,814 0,786 2,194 0,781 1171
3I’d approximation 0,133 2,746 0,805 0,796 2,218 0,776 1211
4th approximdtion 0,142 2,755 0,802 0,799 2,225 0,775 122|4
5th approximdtion 0,146 2,759 0,801 0,800 2,229 0,774 122|8
Gth approximation 0,147 2,760 0,801 0,800 2,229 0,774 122(9

12.3.3 Sol

As already nd
determined b
velocity meth

The approprig

Lition using the coefficient of velogity method (see 10.3)

pd for completeness.

te discharge Equation’ (4) is as stated in 9.1:

Q = 0,8CheC,Cyy/9.MZ1hye 2
where
hie =hy 1 ky=2,614 - 0,000 8 = 2,613 m

ted the successive approximation method is preferred. However, the non-modular flow example
y the successive approximation method (see 12.3.2) is also calculated using the coefficlent of

hpe = hp -k, =2,211-0,0008=2,210 m

Cpe = 0,620

hpelN1e =

hy/h' =2

0,845

111

h'/p; = 2,211 (hence, use Table 12)
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From Table 12, C,Cy, = 0,870 (interpolated)

Z,= 0,799 (Table 5)

h,e®? = 11,037

Substi

tution in the discharge equation gives a flow of 120,4 m3s-1,

12.4 Example 2 — Uncertainty in computed discharge

12.4.1

The upcertainty in the discharge coefficient is obtained from Table 14.

H =1,238m Cross slope =1:10,1

Hie = 2,760 m (see Table 17)

Hyo/H =2,229> 1

Ffom Table 14 U"(Cpe)es = 1,15 %
12.4.3 Uncertainty in the horizontal; component of the weir crest gradient
From fhe data provided: u*m = 0,20\% at the 68 % confidence limit
12.4.3 Uncertainty in the effective total head
As nofed in 11.5, the uncertainty in the head measurement consists of four components, but two
ignorgd. The two main components are

1) the uncertainty in the instrument reading, and

2) the uncertainty in the gauge zero.
The instrument indicates.a head of 2.760 m.

From
encod

assunmed. Therefore, the absolute uncertainty for the instrument is given by Equation (B.7) from 4

)

Uncertainty in the discharge coefficient

er at a stage greater than 2.000 m is 0.003 m at the 68 % confidence limit and a bimodal

these can be

the table of uhcertainties in Annex C, the estimated absolute uncertainty for a float system with a shaft

distribution is
\nnex B.

(biom) = Bmax ~8min) _ (2763=2757) _ 5 6 ey _ )

-

From the table of uncertainties in Annex C, the estimated absolute uncertainty in the stage zero is 0,001 5 m
at the 68 % confidence limit. A triangular distribution can be assumed. Therefore, the absolute uncertainty for

the ga

u

uge zero is given by Equation (B.4) from Annex B.

1 (amax—2min) _ 1 (27615-27585) mm = u(E)

(@mean) = ﬁ 5 E 5
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The overall uncertainty in the head at the 68 % confidence limit is estimated using Equation (21), thus:

. u(hy)? +u(E)? 2 2
uhlezloo‘/ (hy) - (E) :100\/3,0 +0.61° _ 1105

2760

U716 = 0,11 % at the 68 % confidence limit

12.4.4 Uncer

tainty in the separation pocket (crest tapping) head

The uncertainty in the crest tapping head is estimated similarly to the uncertainty in the total upstream head

The instrumer

From the tabl
encoder at a

assumed. Therefore, the absolute uncertainty for the instrument is given by Equation (B.7)\frem Annex B.

U(amean

From the tabl
the 95 % confi
gauge zero is

u(amean

The overall ucertainty in the crest tapping head at the 95 % confidence limit is estimated using Equatio

thus:

Upp =10
U =014 %

12.4.5 Uncel
The flow is ng
From Table 1

When using 3

t indicates a head of 2,211 m.
e of uncertainties in Annex C, the estimated absolute uncertainty for a float system*with &

stage greater than 2,000 m is 0,006 m at the 95 % confidence and a bimodal distribu

 (Amax —amin) _ (2766-2754)
2 2

6,0 mm = u(hp)

e of uncertainties in Annex C, the estimated absolute uncertainty in the stage zero is 0,00
dence limit. A triangular distribution can be assumed. Therefore, the absolute uncertainty
given by Equation (B.4) from Annex B.

_ 1 (3max—3min) _ 1 (2763-2757) _

J6 2 J6 2 -

1,22 mm'= u(E)

Ju(hoo)? +u(E)? [6.02 2
pe =100 6,0° +122 = 0,28 % at the 95 % confidence limit

h 2211

At the 68 % confidence level

tainty in drowned flow reduction factor
n-modular.

/7, the.drowned flow reduction factor is 0,80,

crest tapping, the drowned flow reduction factor can be estimated using Equation (19), thys:

| shaft
tion is

B m at
or the

N (21),

U .o =5 (1~ Car )\ L+ U hea? +U npe? =5x(1-0.811+0.112 + 0,147 = 1,02 %

12.4.6 Overall uncertainty for non-modular flow example

The combined uncertainty estimate is determined from Equation (18).

u*(Q>=\/u*(cDe)2 U (Ca)? P+ 250" () ||

U’ (Q)=

44

J1152 +1,022 +0,22 + 2,52 x0,11% =157%
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U(Q)=157x2=314%

The statement of discharge is therefore:

ISO 4377:2012(E)

— The flow rate is 122,9 m3s~1 with an uncertainty of 3,14 % at the 95 % confidence level.

An uncertainty budget for the example is given in Table 18.

Table 18 — Uncertainty budget for the modular flow example

Type/Evaluation u, u* value Sensitivity Comment
coefficients
U*(CDe) B/Normal 1,15% 1,0 From laboratory tests
u™(m) B/Triangular 0,2% 1,0 Installation:tolerance
u(E) B/Triangular 0,0015m FrommTable C.1
u(h) B/bimodal 0,003 m From Table C.1
U*(hle) Combined 0,11 % 2,5 From 11.5
U*(Cdr) B/Normal 1,02 % 1,0
U*(Q) Combined 1,57 % Using Equation (18)
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Annex A
(normative)

Velocity distribution

A.1 An even distribution of velocity over the cross-section of the approach channel in the region of the
gauging station is necessary for an accurate measurement of discharge by means of weirs, notches and
flumes. This is because the recommended coefficients are empirical values obtained by various investigators

in laboratory
over the croq
distribution of

A.2 Normal
uniform straig
approximately
depth above i

A.3 Any de
errors in flow
define the ac
are given in T
evenness.

A.4 In Figu
direction of flg

A5 The pe

extreme valu
percentage d
energy coeffig

Fonditions. These involved either the Use 01 Screens 1o ensure an approximately uniforn.v
s-section, or a long straight approach channel conducive to the establishment ofpa i
velocities.

velocity distribution is defined as “the distribution of velocities attained in a channel over
ht reach”. A characteristic feature of flow in such a channel is that the velecity is at ma
0,85 of the depth above invert level, with the average velocity occurring at about 0,4
hvert level.

viation from the ideal conditions of either uniform or a normal yelecity distribution may |
measurement. Quantitative information on the influence of velogity distribution is inadeqy
eptable limits of departure from the ideal distributions. The4{olerances on discharge coeff
able 4. Figure 2 provides guidance on the acceptable pragctical levels of velocity distributig

Fe 2, different patterns of isovels are shown. The ‘isovels are contours of equal velocity
w.

Fcentage difference in the value of ojeq @nd g is shown in Figure 2. Figure 2 c) shoy
b for the departure from ideal approach-conditions for the tolerances given in Table 4 an
fference shall be regarded as thesmaximum permissible. This distribution gives the G
ient of 1,44.

Blocity
ormal

A long
imum
of the

pad to
ate to
cients
n and

in the

Vs the
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